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mCUTIVE  SUMMARY 


FIRST  FOLLOWUP  MORBIDITY  STUDY 


Tti«  Air  Force  Health  Study  is  an  epidemiological  study  conducted  to 
determine  whether  adverse  health  effects  exist  and  can  be  attributed  to  occu¬ 
pational  exposure  to  Herbicide  Orange.  The  study  consists  of  mortality  and 
morbidity  components,  based  on  a  matched  cohort  design  in  a  nonconcurrent 
prospective  setting  vith  followup  studies.  The  Baseline  study  was  conducted 
in  1982,  and  the  first  followup  morbidity  study  was  performed  in  1985.  The 
purpose  of  this  report  is  to  present  the  results  of  the  first  followup  study. 


In  the  Baseline  morbidity  study,  each  living  Ranch  Band  was  matched  to 
the  first  living  and  compliant  member  of  a  randomly  selected  Comparison 
mortality  set  based  on  age,  race,  and  military  occupation,  producing  an 
approximate  ltl  contrast.  The  Comparisons  had  served  in  numerous  flying 
organisations  that  transported  cargo  to,  from,  and  within  Vietnam  but  were 
not  involved  in  the  aerial  spray  operations  of  Herbicide  Orange.  Recruitment 
for  the  first  followup  was  in  accordance  with  the  Study  Protocol!  All  pre¬ 
vious  perticlpants  end  refusals,  newly  located  study  members,  end  replace¬ 
ments  (matched  to  noncomplient  Comparisons  on  self-perception  of  health)  were 
invited.  Of  the  living  Baseline  study  participants,  99.2  percent  were 
contacted  to  enroll  in  the  followup  on  e  strictly  voluntary  basis.  Partici¬ 
pation  was  very  high,  with  93  pu  sent  of  both  the  Ranch  Hands  and  the  Com¬ 
parisons  fully  compliant  at  Beaeline  also  participating  in  the  followup. 
Overall,  the  2,309  followup  participants  (1,016  Ranch  Hands  and  1,293  Com¬ 
parisons)  represented  e  loss  to  the  study  of  159  individuals  but  e  gain  of 
199  new  participants  slnca  Basaline.  Statistical  analyses  of  selection  end 
participation  bias  supported  the  use  of  the  total  Comparison  group  for  the 
main  analyses  presented  in  this  report. 


The  followup  study  was  conducted  under  contract  to  the  Air  Force  by 
Science  Applications  International  Corporation,  in  conjunction  with  the 
Scripps  Clinic  end  Research  Foundation  end  the  Nati  nal  Opinion  Research 
Center.  Moat  of  the  data  were  collected  through  face-to-lxce  interviews  and 
physical  examinations  conducted  at  the  Scrips  Clinic  in  La  Jolla, 

California.  Other  data  sources  included  medical  and  eilitary  records  end  the 
1982  Baseline  data  base.  As  a  contract  requirement,  all  date  collect icn 
personnel  were  blind  to  exposure  status,  and  ell  phases  of  the  study  were 
monitored  by  stringent  quality  control.  The  statistical  analyses  were  based 
on  analysis  of  variance  and  covarianca,  chi-square  teats,  Fisher's  exact 
tests,  general  linear  models,  Kolmogorov-Smirnov  tests,  logistic  regrassion, 
proportional  odds  eodels,  .-tosts,  and  log-linaar  models.  — 


The  questionnaire  and  physical  examination  data  were  analysed  by  aajor  □ 

organ  system.  The  primary  focus  was  on  the  assessment  of  differences  between3  □ 

the  Ranch  Hand  and  Comparison  groups  based  on  date  from  the  first  followup.  lo« - - 

Additionally,  dose-response  relationships  within  the  Ranch  Hand  group  were  - — — 

exaained,  end  longitudinal  assessments  of  differences  in  the  changes  of  the  ________ 

two  groups  between  the  examinations  were  conducted  for  selected  variables.  >n/ 
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In  terms  of  general  healtn,  Ranch  Hand  enlisted  groundcrev  rated  their 
health  as  fair  or  poor  more  frequently  than  their  enlisted  Comparisons; 
differences  vere  not  observed  for  the  enlisted  flyers  or  the  officers. 
Phys4cian  examiners  detected  no  differences  for  appearance  of  illness  or 
distress  or  for  the  appearance  of  relative  age.  The  Ranch  Hands  had  sig¬ 
nificantly  lover  percent  body  fat.  They  also  had  a  higher  proportion  of 
sedimentation  rate  abnormalities  than  the  Comparisons,  but  mean  sedimentation 
rates  vere  not  statistically  different  betveen  the  tvo  groups. 

No  significant  differences  betveen  the  Ranch  Hand  and  Comparison  groups 
vere  seen  in  the  1982-1985  interval  for  skin  or  systemic  cancers.  Hovever, 
vhen  overall  lifetiae  basal  cell  carcinoma  rates  vere  adjusted  for  risk  fac¬ 
tors  involved  in  the  cause  of  such  cancers  (e.g.,  sun  exposure,  skin  color, 
skin  reaction  to  sun),  Ranch  Hands  had  a  significantly  higher  proportion  of 
basal  cell  carcinoma  than  Comparisons.  No  gr?up  differences  vere  observed 
for  systemic  cancer,  although  tvo  cases  of  possible  dioxin-related  cancer 
vere  noted  in  Ranch  Hands,  bringing  the  lifetime  total  to  tvo  of  these 
cancers  in  each  group.  Overall,  the  cancer  findings  vere  not  vieved  as 

disturbing  but  as  reason  for  continued  medical  surveillance. 

* 

The  neurological  assessment  of  cranial  nerve  function,  peripheral  nerve 
function,  and  central  nervous  system  coordination  did  not  reveal  any  consis¬ 
tently  significant  group  differences,  although  abnormalities  tended  to  aggre¬ 
gate  in  the  Ranch  Hands.  The  Babinski  reflex  (found  adverse  in  the  Ranch 
Hands  at  the  1982  Baseline  examination)  vas  equal  in  both  groups  at  the  1985 
fcllovup.  Age,  alcohol,  and  diabetes  shoved  classical  effects  vith  many 
neurological  measures. 

In  the  psychological  evaluation  based  on  the  Minnesota  Multiphasic 
Personality  Inventory,  the  Comparisons  had  significantly  more  abnormalities 
for  the  denial  and  masculinity/ femininity  scales,  vhereas  the  Ranch  Hands 
manifested  marginally  mo.cc  abnormalities  in  the  hysteria  and  social  intro¬ 
version  scales.  The  Ranch  Hands  shoved  more  abnormalities  on  the  Cornell 
Medical  Index  scales  than  did  the  Comparisons,  but  no  differences  vere 
detected  betveen  the  tvo  groups  on  the  functionally  oriented  Halstead  Reitan 
Battery.  There  vere  no  group  differences  for  current  or  past  neuroses  or 
psychoses.  Age,  educational  level,  and  alcohol  history  shoved  strong  anC 
expected  effects  on  the  psychological  measures. 

Both  the  interval  and- the  lifetiae  history  of  liver  disease  vere  equal 
in  both  groups,  as  vas  a  lifetiae  history  of  peptic  ulcer  disease.  Of  nine 
liver  function  and  tvo  porphyrin  laboratory  tests,  the  Comparisons  had 
significantly  higher  serum  glutamic  pyruvic  transaminase  and  uroporphyrin 
means,  vhereas  the  Ranch  Hands  had  a  significantly  higher  mean  alkaline 
phosphate  level  and  a  borderline  elevated  coproporphyrin  value.  There  vas  no 
evidence  to  suggest  an  increased  likelihood  of  porphyria  cutanea  tarda  in  the 
Ranch  Hand  group. 

In  the  dermatological  assessment,  not  one  case  of  chloracne  vas  diag¬ 
nosed  on  examination,  nor  vas  historical  sc ne  anatomically  distributed  in  a 
pattern  that  suggested  past  chloracne  in  the  Ranch  Hand  group.  Exposure  and 
longitudinal  analyses  vere  also  essentially  negative. 

The  cardiovascular  evaluation  shoved  no  significant  group  differences 
for  reported  or  verified  hypertension,  reported  heart  disease,  or  reported  or 


verified  heart  attacks.  However?  the  frequency  of  verified  heart  disease  vas 
significantly  greater  in  the  Ranch  Hands  than  the  Comparisons-  The  assess¬ 
ment  of  the  central  cardiac  function  by  systolic  blood  pressure  and  electro¬ 
cardiogram  did  not  reveal  any  meaningful  group  differences.  Evaluation  of 
peripheral  pulses  by  the  Doppler  technique  revealed  group  equivalence  in 
marked  contrast  to  the  Baseline  examination,  which  fount*  significant  pulse 
deficits  in  the  Ranch  Hands.  This  change  vas  likely  due  to  required  tobacco 
abstinence  before  the  pulse  measurements .  Overall,  the  groups  were 
remarkably  similar  in  cardiovascular  health. 

The  assessment  of  eight  hematological  measures  shoved  no  significant 
group  differences.  In  fact,  the  groups  were  more  similar  at  the  follovup 
examination  than  at  the  Baseline  examination.  Age,  race,  and  smoking  vere 
significant  risk  factors  for  most  hematological  measures. 

The  groups  did  not  differ  significantly  in  reported  past  kidney  disease, 
although  the  Baseline  questionnaire  noted  such  in  the  Ranch  Hand3.  Five 
laboratory  measures  of  renal  function  vere  similar  between  groups  in  the 
unadjusted  analyses.  No  pattern  of  results  suggested  a  detriment  to  either 
group  in  the  adjusted  analyses. 

For  the  endocrine  function,  TSH  and  testosterone  means  vere  signifi¬ 
cantly  higher  in  the  Ranch  Hands,  but  these  results  vere  not  supported  by  the 
categorical  tests.  The  impaired  category  of  the  glucose  tolerance  test 
revealed  an  excess  in  the  Comparison  group.  Examination  results  for  past 
thyroid  disease,  thyroid  and  testicular  abnormalities,  and  additional  tests 
for  cortisol  level  and  T}  X  Uptake  vere  similar  in  both  groups.  Age,  race, 
occupation,  percent  body  fat,  and  personality  type  vere  often  significant 
adjusting  variables.  Overall,  the  endocrine  health  status  vas  comparable  in 
both  groups. 

Comprehensive  immunological  tests  composed  of  six  cell  surface  market, 
studies  and  three  functional  stimulation  studies  shoved  no  significant  group 
differences  in  the  unadjusted  analyses.  Age,  smoking,  and  alcohol  usage  vere 
generally  strong  covariates.  The  assessment  of  delayed  hypersensitivity  by 
skin  testing  vas  declared  invalid  because  of  excessive  reader  variation  and 
shifting  diagnostic  criteria. 

The  pulmonary  a. ..essment,  consisting  of  past  history,  physical  exanina- 
tion,  and  x-ray  results  did  not  indicate  any  consistently  different  disease 
patterns  in  the  tvo  groups.  Age  and  lifetime  smoking  history  vere  important 
risk  factors  for  most  pulmonary  measures. 

The  exposure  index  analyses,  vhich  vere  stratified  by  occupation, 
revealed  sporadic  differences  betveen  exposure  levels;  hovever,  there  vere  no 
consistent  dose-response  relationships  that  supported  an  herbicide  effect  for 
any  clinical  area. 

Longitudinal  analyses  vere  conducted  for  19  variables,  and  5  shoved 
significant  differences  in  the  changes  of  the  groups  betveen  the  Baseline  and 
follovup  examinations.  Of  these  5  variables,  1  (sedimentation  rate)  vas 
believed  to  be  related  to  a  change  in  laboratory  methods,  and  the  other 
4  (Bab inski  reflex,  depression,  platelet  count,  and  manual  all  pulse  index) 
vere  attributed  to  true  changes  over  time  for  the  groups.  In  comparing  all 
results  betveen  the  examinations  as  veil  as  the  formal  longitudinal  analyses, 
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a  subtle,  but  consistent,  decrease  in  group  differences  over  the  3-year 
period  has  been  observed. 

The  process  of  inferring  causality  is  complex  and  must  be  based  on  care¬ 
ful  consideration  of  many  factors.  Any  interpretations  of  the  data  must 
consider  the  biological  plausibility,  clinical  significance,  specificity  and 
consistency  of  the  findings,  and  a  host  of  statistical  factors,  such  as 
strength  of  the  association,  lack  of  independence  of  the  measurements,  and 
multiple  testing. 

By  direct  and  indirect  evidence,  it  is  concluded  that  this  study  is  free 
of  overt  bias  and  that  the  measurement  systems  used  to  obtain  the  data  were 
accurate  and  valid.  By  an  overall  pattern  assessment,  it  is  further  con¬ 
cluded  that  the  Ranch  Hand  and  Comparison  populations  are  similar. 

Finally,  this  first  followup  examination  report  concludes  that  there  is 
insufficient  evidence  to  supporc  a  cause  and  effect  relationship  betveeu 
herbicide  exposure  and  adverse  health  in  the  Ranch  Hand  group  at  this  time. 
The  study  has  revealed  a  number  of  minor  medical  findings  that  require  con¬ 
tinued  surveillance.  In  full  context,  the  results  of  this  study  must  be 
viewed  as  additional  reassuring  evidence  that,  at  this  time,  the  current 
state  of  health  of  the  Ranch  Hand  participants  is  unrelated  to  herbicide 
exposure  in  Vietnam. 
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PREFACE 


The  release  of  this  1937  follovup  Morbidity  Report  marks  nore  than 
8-1/2  years  of  intensive  Air  Force  research  into  the  herbicide  question. 

Since  the  commitment  to  Congress  in  Gctoiter  1978  to  conduct  an  epidemiologic 
investigation  of  Air  Force  personnel  vho  aerially  disseminated  herbicides  in 
the  Vietnam  Var  (code-named  Operation  Ranch  Hand),  the  United  States  Air 
Force  Surgeon  General  has  issued  the  folloving  publications:  a  Study 
Protocol,  four  annual  Mortality  reports,  the  Baseline  Morbidity  Report,  and 
this  first  follovup  aorbidity  report.  Vithin  the  next  2  years,  the  second 
follovup  morbidity  report,  other  annual  Mortality  reports,  and  an  expanded 
birth  defects  study  are  expected  for  publication.  This  level  of  coaaitnent 
has  used  approximately  $40  alllion  of  contract  research  funds,  excluding 
significant  Air  Force  in-house  expenditures. 

Nearly  ICO  Government,  academic,  and  industry  scientists  have  guided  and 
contributed  to  the  Air  Force  Health  Study  (AFBS)  3ince  its  inception.  The 
Air  Force's  current  advisory  coanittee,  chaired  by  Dr.  Robert  V.  Miller  of 
the  National  Cancer  Institute,  is  responsible  for  providing  assistance  on  all 
scientific  and  Medical  natters  pertaining  to  the  AFHS.  The  distinguished 
panelists  are  listed  in  Appendix  A. 

There  are  numerous  scientific  strengths  in  the  AFHS,  beginning  vith  the 
unequivocal  exposure  status  uf  the  Ranch  Band  population,  estimate!  to  have 
been,  on  the  average,  1,000  tines  that  experienced  by  an  unclothed  nan 
directly  beneath  a  spraying  aircraft.  In  the  other  direction,  the  Ranch  Hand 
population  vas  probably  less  exposed  to  dioxin  than  Many  studied  industrial 
populations  (based  upon  a  lack  of  chloracne),  and  nay  not  develop  adverse 
health  consequences  because  of  a  possible  threshold  mechanism.  Hovever,  the 
participants  of  the  AFHS  have  a  nore  defined  exposure  then  the  ground  troops 
and  constitute  e.  larger  population  under  study  than  industrial  cohorts. 

The  chief  strength  of  the  AFHS  is  its  design.  The  intervoven  study 
elenents  of  Multiple  Mortality  assessments,  a  Baseline  morbidity  study,  and 
five  follovup  morbidity  studies  over  20  years  provide  a  comprehensive 
approach  to  the  detection  of  attributable  adverse  health  effects.  The 
veakest  feature  of  the  design  is  the  Mortality  assessment  vhich,  in  the 
absence  of  significant  case  clustering,  cannot  detect  group  differences  for 
very  rare  conditions  (e.g.„  soft  tissue  sarcoma)  because  of  the  inherent 
constraints  of  the  limited  sise  of  the  Ranch  Hand  population.  To  some 
extent,  this  problem  nay  be  offset  for  the  more  prevalent  cancers  by  com¬ 
bining  both  living  and  fatal  cancers  for  future  analyses.  The  strength  of 
the  mortality  studies  should  increase  vith  the  aging  of  the  study  population 
and  the  conconltant  increase  in  death  vith  the  passage  of  tine. 

All  four  mortality  assessments  have  shovn  that  the  Ranch  Hand  population 
is  faring  about  the  same  as  the  Comparison  group,  vith  no  unusual  causes  of 
death,  increased  frequency  of  death,  or  evidence  suggesting  death  at  younger 
ages.  Because  of  the  healthy  veteran  effect,  both  groups  are  surviving 
significantly  longer  than  similarly  aged  civilians.  The  Morbidity  assess¬ 
ment,  released  in  1984,  disdobed  only  minor  differences  betveen  the  Ranch 
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Bands  and  the  Comparisons,  and  these  differences  vert  not  traditional  indi¬ 
cators  of  dioxin-related  disease.  Both  the  content  and  the  progress  of  the 
AFHS  has  been  presented  on  many  occasions  to  Congress ,  to  the  media,  and  to 
scientific  aeetlngs  around  the  world.  On  the  vhole,  the  AFBS  has  been  very 
veil  received  in  these  circles,  giving  additional  strength  and  credence  to 
thi3  vork. 

This  report  of  the  first  followup  study  is  important  as  it  narks  the 
sustained  commitment  of  Congress  and  the  Air  Force  to  pursue  the  Agent  Orange 
question  to  its  logical  scientific  conclusion.  Proa  the  medical  and  scien¬ 
tific  perspectives,  this  followup  exaaination  gives  the  first  opportunity  to 
confirm  or  refute  soae  of  the  Baseline  findings,  end  to  explore  subtle  longi¬ 
tudinal  changes  vhile  controlling  for  confounding  factors.  The  fifth-year 
follovup  examination,  which  will  have  been  initiated  when  this  report  is 
released,  vlll  be  conducted  at  an  average  time  of  20  years  postexposure  for 
the  Ranch  Bands,  a  critical  period  for  the  emergence  of  attributable  cancer. 
Follovup  studies  such  as  these  provide  the  most  powerful  scientific  means  of 
detecting  emerging  herbicide  effects. 

This  repGrt  differs  slightly  from  the  Baseline  Morbidity  Report  in 
several  ways.  The  populations  under  study  have  cl  Anged  slightly  (see 
Chapter  2),  since  some  Ranch  Bands  and  Comparisons  have  voluntarily  dropped 
out  of  the  Jtudy,  and  additional  study  participants  have  joined  (via  the 
Comparison  replacement  strategy,  or  the  addition  of  .formerly  noncompliant 
participants).  Further,  a  greater  variety  of  statistical  techniques  are  used 
to  explore  bias  considerations,  subgroup  categorical  differences  (see  Chapter 
7),  and  "best"  model  fitting  via  the  use  of  two-  and  three-way  interactions. 
In  addition,  specific  medical  tests  were  included  in  this  examination  to 
clarify  whether  less  specific  Baseline  findings  were  relevant  (e.g.,  Doppler 
measurement  of  arterial  pulses). 

Early  in  both  the  examination  and  analysis  phases  of  this  follovup 
examination,  it  became  clear  that  a  joint  Air  Force-contractor  approach  to 
the  analysis  of  the  data  was  required.  The  Air  Force  elected  to  perform  much 
of  the  analytical  vork  of  this  report  (e.g.,  bias,  compliance,  longitudinal, 
and  pulmonary  analyses).  Thus,  this  study  has  transitioned  from  "indepen¬ 
dent"  contract  work  to  a  genuine  team  effort  betveen  the  Science  Applications 
International  Corporation  (SAIC)  and  the  Air  Force  scientific  staffs.  In  the 
spirit  of  this  enriching  teamwork,  SAIC  has  listed  the  Air  Force  scientific 
staff  co-equally  on  the  cover  page  of  this  report.  Because  of  the  highly 
professional  scientific  interchanges  on  many  challenging  aspects  of  the 
analytical  vork,  it  is  believed  that  this  report  represents  a  scientific 
product  unattainable  by  either  team  independent  of  the  other. 

A  brief  explanation  of  this  report  to  the  reader  is  in  order.  This 
report  is  written  primarily  for  clinical  epicaairlogistr ,  clinicians,  and 
biostatisticians  so  tnat  they  may  fully  evaluate  the  data  and  analytic 
techniques  herein.  There  are  segments  of  thic  report  that  will  be  difficult 
for  even  the  most  experienced  of  these  specialists  to  understand.  Complete 
familiarity  vith  the  Study  Protocol  and  prior  mortality  and  morbidity  reports 
is  essential  in  the  full  understanding  of  this  report.  Thus,  this  report  is 
not  intended  for  rapid  distillation  by  the  layman  or  by  media  reptesenta- 
tives.  It  should  be  noted  that  the  intent  of  the  introductions  of  the 
clinical  chapters  is  to  provide  only  a  broad  overviev  of  the  licerature  vith 
respect  to  dioxin  endpoints.  In  addition,  the  statistical  analyses  in  this 
report  were  generally  prescribed  by  the  Air  Force  (based  primarily  upon 
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analyses  performed  for  tha  Baseline  Morbidity  Report)  and  are  not  ad  hoc 
analyses.  The  report  format  hai;  been  established  to  be  complete,  rigorous, 
and  straightforward  on  oil  issuer  so  that  uaxiaua  scientific  credibility  vill 
be  aaintained.  As  vith  the  Baseline  Report,  the  contractor,  with  Air  Force 
authority,  or  the  Air  Force  itself,  vill  respond  to  telephone  or  vritten 
inquiries  about  the  content  of  this  report. 

"'his  report,  prepared  by  Science  Applications  International  Corporation, 
is  submitted  as  partial  fulflllaent  of  Contract  No.  F41689-35-D-0010. 
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lnplicate  a  causal  relationship  between  herbicide  exposure  sod  advert**  health  in  tha  Ranch  Band  group. 
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BACKGROUND 


This  chapter  briefly  describes  the  background  of  tha  Air  Fore*  Health 
Study  (AFHS)  and  provides  an  ovarvitv  of  tha  study  design  and  purpose  of  this 
report.  Portions  of  this  chapter  have  been  paraphrased  froa  the  Baseline 
Morbidity  Report,  24  February  1984. 

In  January  1962,  President  John  F.  Kennedy  approved  a  prograa  of  aerial 
herbicide  dissemination,  for  the  purpose  of  defoliation  and  crop  destruction, 
in  support  of  tactical  military  operations  in  the  Republic  of  Vietnam  (RVN). 
Under  this  program,  code-named  Operation  Ranch  Hand  and  in  operation  from  1962 
to  1971,  approximately  19  million  gallons  of  herbicides  mere  dispersed  on  an 
estimated  10  to  20  percent  of  South  Vietnam.  Approximately  11  million 
gallons  of  Herbicide  Orange,  the  primary  defoliant  of  the  six  herbicides 
utilised  in  the  prograa,  vere  disseminated. 

Operation  Ranch  Hand  vas  the  subject  of  intense  scrutiny  from  the  start 
due  tc  the  controversial  nature  of  the  prograa  and  political  sensitivity  to 
chemical  varfare  charges  contained  in  enaay  propaganda.  The  concerns,  vhich 
vere  initially  based  on  military,  political,  and  ecological  issues,  shifted 
during  1977  to  health  issues.  Numerous  claims  of  exposure  to  herbicides, 
particularly  Herbicide  Orange  and  its  dioxin  contaminant,  and  subsequent 
adverse  health  effects  among  U.S.  military  service  personnel  have  resulted  in 
class  action  litigation  and  substantial  controversy.  Social  concern  for  the 
Herbicide  Orange  issue  continues  to  be  manifest  by  continuing  scientific 
research,  media  presentations,  congressional  hearings,  and  legal  action. 

The  U.S.  Air  Force  Medical  Service's  concern  for  the  health  of  Air  Force 
personnel  exposed  to  herbicides  vas  demonstrated  in  October  1978  vhen  the  Air 
Force  Deputy  Surgeon  General  made  a  commitment  to  Congress  and  to  the  White 
House  to  conduct  a  health  study  on  the  Ranch  Hand  population,  the  aviators  vho 
disseminated  the  majority  of  the  defoliants  in  the  RVN.  The  prevailing 
reasons  for  the  study  commitment  included  the  availability  of  a  definitive 
occupational  exposure  to  herbicides,  a  sufficient  sample  sise  for  survey  and 
clinical  research,  the  ability  to  ascertain  the  population  at  risk,  and  an 
opportunity  for  the  Air  Force  Medical  Corps  to  fulfill  its  adage  ”ve  care"  to 
the  Air  Force  community. 

The  Air  Force  School  of  Aerospace  Medicine,  Brooks  Air  Force  Base,  Texas, 
vas  tasked  by  the  Surgeon  General  to  develop  the  Study  Protocol.  In  1982, 
after  extensive  peer  revlev,  the  epidemiologic  study  began,  and  the  Protocol 
vas  published. 

Since  1978,  numerous  animal  and  human  studies  of  dioxin  effects  have  been 
planned  or  initiated  by  governmental  agencies,  universities,  and  industrial 
firms.  The  key  scientific  issue  in  these  studies  vas  the  extent  of  exposure, 
e.g.,  vho  vas  exposed  and  hov  much  each  individual  vas  exposed.  Unfortu¬ 
nately,  population  identification  and  exposure  estimation,  vhich  are  critical 
for  a  valid  study  of  ground  troops,  have  been  scientifically  elusive. 
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It  is  believed  that  of  all  tha  Military  personnel  vho  sarvad  tha  RVN, 
tha  Ranch  Band  population  vas  tha  aost  highly  sxposad  to  harbicidas.  Exposure 
astiaataa  indicate  that  the  average  Ranch  Band  racaivad  1,000  tiaes  more  expo¬ 
sure  to  Herbicide  Orange  and  2,3,7,8-tetrachlorodibenso-p-dioxin  (TCDD)  during 
his  tour  in  tha  RVN  than  an  average  aala  vould  receive  standing  unclothed 
under  a  spraying  aircraft  in  an  open  field.  Based  on  the  principle  of  dose- 
response,  the  Ranch  Bands  should  Manifest  aore  and/or  earlier  evidence  of 
adverse  health.  Thus,  the  results  of  the  AFBS  should  serve  as  an  indicator  of 
herbicide  effects  in  ground  personnel. 


STUDY  DESIGN 

The  purpose  of  the  study  is  tc  deteraine  whether  adverse  health  effects 
exist  and  can  be  attributed  to  occupational  exposure  to  Herbicide  Orange.  The 
study,  consisting  of  Mortality  and  Morbidity  coMponents,  Is  based  on  a  Matched 
cohort  design  in  a  nonconcurrent  prospective  setting  with  followup  studies. 
Conplete  details  on  the  design  are  provided  in  the  Study  Protocol. 

The  nonconcurrent  aspect  of  the  design  results  froe  the  fact  that  the 
Ranch  Hands  were  exposed  over  tine  between  1962  and  1971.  This  staggered 
exposure  is  accounted  for  in  the  design  of  the  studies  to  address  latency 
considerations. 

For  the  Baseline  study,  the  population  aacertainaent  process  identified 
1,264  Ranch  Hand  personnel  who  served  in  the  RVN  between  1962  and  1971.  By 
the  tine  the  first  followup  began  in  1985,  an  additional  11  Ranch  Hands  had 
been  identified,  bringing  the  total  Ranch  Bend  population  to  1,275.  A 
Conparison  group  was  forned,  consisting  of  individuals  assigned  to  selected 
Air  Force  units  with  Missions  of  flying  cargo  to,  froa,  and  vithin  the  RVN 
during  the  sane  period.  Using  a  coapu  erl^ed  nearest  neighbor  selection 
procedure,  a  aaxlnun  of  10  Conparlsons  vas  selected  for  each  Ranch  Hand, 
Matching  on  age,  race,  and  Military  occupation.  After  personnel  record 
reviews,  each  Ranch  Hand  vho  vas  deteralned  to  be  eligible  and  fully  suitable 
for  study  had  an  average  of  8.2  Conparison  subjects. 

The  Mortality  coaponent  addresses  Mortality  froa  the  tine  of  the  RVN 
assignaent.  A  Baseline  Mortality  study  vas  conducted  in  1982,  and  the  Mor¬ 
tality  followup  consists  of  annual  Mortality  updates  for  20  years.  For  the 
Baseline  study  and  the  first  four  updates,  five  individuals  were  randoaly 
selected  froa  the  Matched  Conparison  set  for  a  1(5  design.  Subsequent  to 

1986,  the  design  vlll  be  expanded  to  include  all  of  the  individuals  in  the 
Conparison  set. 

The  Baseline  Morbidity  conponent,  begun  in  1982,  reconstructed  the 
nedical  history  of  each  participant  by  reviewing  and  coding  past  nedical  rec¬ 
ords.  A  cross-sectional  eleaent,  designed  to  assess  the  participant's  current 
state  of  aental  and  physical  health,  vas  based  on  coaprehensive  questionnaires 
and  physical  exaainations  given  to  the  participants.  For  this  conponent  of 
the  study,  each  living  Ranch  Hand  and  the  first  living  nenber  of  his 
Conparison  set  were  selected  to  participate  in  the  exaaination.  Sequential 
questionnaires,  aedical  record  rtvievs,  and  physical  exaainations  in  1985, 

1987,  1992,  1997,  and  2002  coaprise  the  morbidity  study  followup. 


1-2 


PURPOSE 


The  1985  Morbidity  follovup  is  the  subject  of  this  report.  The  objective 
of  the  Morbidity  follovup  is  to  continue  the  investigation  of  the  possible 
long-terM  health  effects  following  exposure  to  TCDD-containing  herbicides. 

This  report  describes  the  procedures  and  results  of  the  first  Morbidity 
follovup  of  the  AFHS.  Analysis  of  reproductive  and  fertility  data  vill  be 
conducted  by  the  U.S.  Air  Force  and  is  not  part  of  this  report. 
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CHAPTER  2 


POPULATION 


This  chapter  provides  a  description  of  participant  selection,  the 
enrollaent  process,  and  the  demographic  characteristics  o£  the  population 
that  participated  in  the  clinical  and  questionnaire  portions  of  the  first 
followup  morbidity  study  in  1985. 


BASELINE  CANDIDATE  IDENTIFICATION 

The  study  population  for  the  first  followup  was  defined  by  the  Air  Force 
investigators  as  part  of  the  Baseline  study  design.  Using  detailed  searches 
through  Air  Force  and  other  Government  record  systems,  a  total  of  1,264  per¬ 
sonnel  vho  had  participated  in  Operation  Ranch  Hand  was  identified.  Using 
the  same  historical  data  sources,  a  Comparison  population  of  24,971  individ¬ 
uals  that  had  been  assigned  to  a  variety  of  military  cargo  missions  in 
Southeast  Asia  during  the  same  time  period  vas  identified. 

The  Ranch  Hand  and  the  Comparison  populations  were  matched  after  all 
individuals  vho  had  been  killed  in  the  Vietnam  conflict  vare  removed.  The 
matching  process  vas  conducted  using  a  computer  program  employing  iterative 
nearest-neighbor  statistical  techniques  in  order  to  associate  each  Ranch  Hand 
with  10  Comparisons  by  race  (Black/nonblack),  closest  date  of  birth,  and 
occupational  category  during  Vietnam  service  (officer-pilot,  officer- 
navigator,  oiflcer-nonflying,  enlisted  flyer,  and  enlisted  groundcrev).  For 
each  Ranch  Hand,  1  of  the  10  matched  Comparisons  vas  selected  at  random  and 
designated  the  Original  Comparison.  The  resulting  exposed  and  multiple 
matched  Comparison  study  design  vas  used  for  the  Baseline  effort. 

During  the  questionnaire  administration  of  the  Baseline  study,  it  vas 
discovered  that  18  percent  of  the  Comparison  population  had  been  misselected 
vith  respect  to  their  Southeast  Asia  military  experience.  After  eliminating 
these  ineligible  Comparisons,  the  remaining  Comparison  set  vas  collapsed  to  a 
1:8  study  design,  vhich  vas  used  for  all  subsequent  eligibility  determi¬ 
nations. 

During  the  course  of  the  Baseline  morbidity  study,  five  new  Ranch  Hands 
vere  verified  as  eligible  for  the  study  and  vere  added  to  the  exposed  group. 
In  addition,  tvo  Ranch  Hands  vho  had  been  misclassified  as  Comparisons  vere 
identified  during  the  questionnaire  administration.  These  individuals  vere 
reclassified  as  exposed  and  nev  Comparisons  vere  assigned  appropriately. 
Folloving  the  completion  of  the  Baseline  morbidity  study,  10  additional 
Operation  Ranch  Hand  participants  vere  located  and  addod  to  the  study  popula¬ 
tion  for  the  follovup  phases. 


FOLLOWUP  CANDIDATE  IDENTIFICATION 

On®  of  the  preliminary  tasks  associated  vith  the  followup  study  was  to 
conduct  a  telephone  survey  of  uncontacted  replacement  candidates.  The 
purpose  of  the  survey  vas  to  obtain  new  information  on  the  candidate's 
general  health,  economic  situation,  and  willingness  to  participate  in  the 
study. 

The  Air  Force  address  file,  assembled  and  maintainc  ’  since  1981, 
provided  the  basis  for  the  telephone  survey  contact  list  A  location 
algorithm  described  in  Chapter  3  was  developed  in  order  o  find  those 
individuals  no  longer  at  the  address  and  telephone  numbe  ndicated  in  the 
Baseline  file. 

A  total  of  7,411  candidate  replacements  out  of  the  candidate  file  of 
7,963  was  located,  interviewed  using  computer-aided  telephone  interview 
(CATI)  techniques,  and  confirmed  as  eligible  candidate  study  participants. 
Of  the  352  candidates  who  could  not  be  interviewed,  26  were  deceased, 

335  refused,  190  were  unlocatable,  and  1  respondent  had  not  served  in 
Southeast  Asia  and  vas  therefore  ineligible  for  the  study. 

Table  2-1  provides  the  number  of  candidate  participants  by  Baseline 
compliance  category  for  the  Ranch  Hand  and  Comparison  groups. 


PARTICIPANT  SELECTION 

The  participant  selection  protocol  used  for  the  followup  vas  similar  to 
that  used  at  Baseline  vith  one  important  exception.  If  the  Original  Compari¬ 
son  declined  to  participate,  the  next  randomly  ordered  candidate  'for  the 
corresponding  Ranch  Hand  vith  the  same  self-perception  of  health  vas  con¬ 
tacted  and  recruited  for  the  study.  This  matching  process  vas  not  feasible 
at  Baseline  because  the  addresses  of  the  Comparison  pool  vere  not  fully 
ascertained.  Perception  of  health  vas  subjectively  determined  by  the  candi¬ 
date  during  the  telephone  interview.  The  rationale  for  matching  replacement 
Comparisons  on  self-perceived  health  status  vas  an  attempt  to  minimize  any 
bias  that  might  result  from  differential  compliance.  All  candidates  vho  had 
been  contacted  and  invited  to  participate  during  the  Baseline,  including 
those  vho  vere  refusals  and  partial  compilers,  were  contacted  and  invited  to 
the  follovup  along  vith  nevly  verified  or  located  Ranch  Hands  and  their 
Comparisons . 


ENROLLMENT 

The  enrollment  of  candidates  vas  based  on  the  Baseline  lists  and  health 
status  information  from  the  telephone  survey.  Recruitment  vas  conducted  for 
questionnaire  interviews  and  clinical  examinations  that  began  in  May  1985  and 
ended  in  March  1986.  Approximately  70  individuals  vere  examined  each  week  in 
two  groups  of  35.  A  total  of  2,309  Ranch  Hands  and  Comparisons  participated 
in  both  the  questionnaire  and  clinical  examination  portions  of  the  AfcHS 
follovup.  Since  the  follovup  questionnaire  vas  administered  at  the  physical 
examination  site,  there  vere  no  "partially  compliant"  participants  at 
follovup. 
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Number 


1,045 


TABLE  2-1. 

Candidate  Follovup  Participants  by  Group  and 
Baseline  Compliance  Status 


Category 


Candidate  Ranch  Bands  (by  Baseline  Status] 


Ranch  Hands  Who  Completed  Both  Baseline  Questionnaire 
and  Physical  Examination  (Fully  Compliant) 

Ranch  Hands  Who  Completed  Only  Baseline  Questionnaire 
(Partially  Compliant) 

Ranch  Hands  Who  Declined  to  Take  Part  in  Baseline 
(Nonccnipliant) 

Newly  Verified  or  Located  Ranch  Hands 


1,216 


Total 


7,411 


Candidate  Comparisons  (by  Baseline  Status) 

Original  Comparisons  Who  Completed  Both  Baseline 
Questionnaire  and  Physical  Examination  (Fully  Compliant) 

Original  Comparisons  Who  Completed  Only  Baseline 
Questionnaire  (Partially  Compliant) 

Original  Comparisons  Who  Declined  to  Take  Part  in  Baseline 
(Noncompliant) 

Replacement  Comparisons  Who  Completed  Both  Baseline 
Questionnaire  and  Physical  Exaaination  (Fully  Compliant) 

Replacement  Comparisons  Who  Completed  Only  Baseline 
Questionnaire  (Partially  Compliant) 

Replacement  Comparisons  Who  Declined  to  Take  Part  in  the 
Study  (Noncompliant) 

Replacement  Comparisons  Who  Had  Not  Been  Contacted 
Previously 


9,071 


Total 


Enrollment  vas  managed  using  an  automated  scheduling  and  tracking  system 
to  maintain  and  record  all  candidate  recruitment  contacts „  actions,  and 
status;  clinical  examination  group  scheduling)  schedule  modifications, 
cancellations,  and  coapletions;  end  a  comprehensive  set  of  logistic  manage¬ 
ment  reports.  An  effort  vas  made  to  successfully  recruit  every  individual 
eligible  for  the  study.  The  number  of  participants  vho  participated  in  the 
physical  examination  and  questionnaire  of  the  first  follovup  is  provided  in 
Table  2-2.. 

Of  the  1,016  Ranch  Hands,  all  but  53  had  matched  Comparisons  vho  also 
participated  in  the  study.  Due  to  the  selection  strategy  used  and  the 
recruitment  of  previous  noncompliants,  several  of  the  Ranch  Hands  had 
multiple  Comparisons.  The  selection  strategy  resulted  in  79  Ranch  Hands 
having  2  Comparisons,  9  having  3  Comparisons,  and  1  Ranch  Hand  having  a  total 
of  5  Comparisons  completing  the  follovup.  In  accordance  vith  the  Study 
Protocol,  eligible  Comparisons  vere  enrolled  vithout  regard  to  the  compliance 
status  of  the  corresponding  Ranch  Hand.  There  vere  229  Comparisons  in  the 
follovup  study  vhose  matched  Ranch  Hand  did  not  participate. 


P8RSCNAL  CHARACTERISTICS  AMD  HABITS  OP  FOLLOVUP  POPULATION 

The  data  on  personal  characteristics  of  the  Ranch  Hand  and  Comparison 
individuals  vere  obtained  from  the  follovup  questionnaire.  The  areas  of 
tobacco,  alcohol,  and  marijuana  use;  personal  and  family  income;  education; 
religious  preference;  active  duty/retired/separated  status;  and  risk-taking 
behavior  received  particular  attention.  These  variables  vere  examined  to 
assess  the  similarity  of  the  tvo  groups  in  social  and  behavioral  character¬ 
istics,  vhich  vere  not  included  in  the  statistical  matching  process. 

The  participants  in  the  study  vere  matched  on  age.  The  age  character¬ 
istics  of  the  study  population  are  shovn  in  Table  2-3.  The  mean  and  median 
ages  of  the  Ranch  Hand  and  Comparison  groups  vere  nearly  identical. 

The  smoking  and  alcohol-use  habits  of  the  study  subjects  are  displayed 
in  Table  2-4.  More  participating  Ranch  Hands  smoked  cigarettes  at  the  time 
of  the  follovup  physical  examination  than  did  the  Comparisons  (40. IX  versus 
35. 0Z).  This  difference  in  current  smoking  behavior  vas  statistically 
significant  (p-0.01).  In  the  intervening  years  since  the  Baseline  examina¬ 
tion,  5.6  percent  of  the  Ranch  Hands  and  4.6  percent  of  the  Comparisons  had 
stopped  smoking.  The  proportions  of  participants  vho  ever  smoked  rigarettes, 
pipes,  or  cigars  vere  not  significantly  different  in  the  tvo  groups. 
Similarly,  the  number  of  participants  vho  drank  alcohol  in  the  years  since 
1982  vas  not  statistically  different  betvcen  groups. 

Data  concerning  the  use  of  marijuana  vere  gathered  by  different  methods 
in  the  tvo  intervievs.  In  the  Baseline  questionnaire  in  1982,  confiden¬ 
tiality  of  response  vas  given  to  all  participants,  but  ansvers  vere  identifi¬ 
able  for  each  participant.  At  the  1985  follovup,  random  response  techniques1 
vere  used  on  the  marijuana  questions  to  overcome  the  problem  of  participants 
either  refusing  to  respond  or  giving  misleading  replies  to  these  highly 
sensitive  and  personal  questions.  Vith  this  technique,  a  coin  vas  flipped  by 
the  respondent,  vho  then  ansvered  either  the  marijuana  question  or  a  neutral 
unrelated  question,  vhich  had  an  ansver  of  knovn  probability.  The  outcome  of 
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TABUS  2-2. 


Participants  Enrolled  in  the  Follovup  Study  toy  Group  and 
frusalin*  Compliance  Status 

Number 

971 

39 

0 

6 

1,016  Total 

Knrollod  Comparisons  (by  Baseline  Status) 

872  Original  Comparisons  Who  Completed  Both  Baseline 

Questionnaire  and  Physical  Examination  (Fully  Compliant) 

61  Original  Comparisons  Who  Completed  Only  Baseline 

Questionnaire  (Partially  Compliant) 

10  Original  Comparisons  Who  Declined  to  Take  Part  in 
Baseline  (Noncoapliant) 

12  Nev  Original  Comparisons 

167  Replacement  Comparisons  Who  Completed  Both  Baseline 

Questionnaire  and  Physical  Examination  (Fully  Compliant) 

32  Replacement  Comparisons  Who  Completed  Only  Baseline 

Questionnaire  (Partially  Compliant) 

11  Replacement  Comparisons  Who  Declined  to  Take  Part  in 
Baseline  (Noncoapliant) 

28  Nev  Replacement  Comparisons 


Category 


Enrolled  Ranch  Hands  (by  Baseline  Status] 


Ranch  Hands  Who  Completed  Both  Baseline 
Questionnaire  and  Physical  Examination  (Fully  Compliant) 

Ranch  Hands  Who  Completed  Only  Baseline 
Questionnaire  (Partially  Compliant) 

Ranch  Hands  Who  Declined  to  Take  Part  in 
Baseline  (Noncoapliant) 

Nevly  Verified  or  Located  Ranch  Hands 


1,293 


Total 


TABLE  2-3 


i|t  (in  1985)  of 

Participants  of  the  Pollovup  Examination  by  Group 


_ Group _ 

Ranch  Hand _  _ Comparison 


Age  Category 

Number 

Percent 

Number 

Percent 

43  or  Less 

412 

40.6 

549 

42.5 

44  to  62 

568 

55.9 

693 

53.6 

63  or  More 

36 

3.5 

51 

3.9 

Total 

1,016 

100.0 

1,293 

100.0 

Group 


Ranch  Hand 

Comparison 

Range 

35-72  Tears 

35-77  Tears 

Mean 

46.9  Tears 

46.8  Tears 

Median 

47  Tears 

46  Tears 

the  coin  flip  was  unknown  to  the  interviever.  Thus,  no  given  reply  could  be 
traced,  although  the  proportion  of  the  population  that  had  the  sensitive 
characteristic  (marijuana  use)  could  be  estiaated. 

There  vere  no' statistically  significant  differences  betveen  the  Ranch 
Hand  and  Comparison  groups  in  the  reported  use  of  marijuana  in  the  30  days 
preceding  the  examination  (7. 82  and  9.2Z,  respectively).  A  much  higher  per¬ 
centage,  26.3  percent  of  the  Ranch  Hands  and  31.0  percent  of  the  Comparisons, 
reported  smoking  marijuana  at  some  time  in  the  past.  At  Baseline,  only 
5.1  percent  of  each  group  reported  ever  using  marijuana.  These  differences 
over  time  vere  most  likely  due  to  a  greater  sense  of  confidentiality 
generated  by  the  random  response  techniques  used  in  the  1985  questionnaire. 

The  mean  usage  levels  of  tobacco  and  alcohol  among  those  participants 
vho  did  indulge  in  these  habits  are  shown  in  Table  2-5  as  pack-years,  cigar- 
years,  pipe-years,  or  drink-years.  Mean  alcohtl  use  per  day  vas  6  26  drinks 
per  day  for  the  Ranch  Hands  and  6.42  for  the  Comparisons.  In  most  of  the 
cumulative  measurements,  the  median  level  of  use  vas  lover  than  the  mean 
level,  indicating  that  the  heavy  users  of  these  substances  skeved  the 
distributions.  Eighty-nine  percent  of  both  groups  reported  having  consumed 
alcohol  since  the  last  physical  examination.  Differences  in  these  calculated 
variables  might  have  been  due  to  either  actual  changes  in  behavior  or  to 
differences  in  the  questionnaires  used  to  collect  the  basic  data. 
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TABLE  2-4 


History  of  Tobacco  and  Alcohol  Dm 
of  Participants  of  tha  Follovup  Bxaai nation  by  Group 


Group 


Ranch  Hand  _ Comparison 


Habit 

Tes 

Percent 

No 

Percent 

Tes 

Percent 

No 

Percent 

p-Velue 

Current  Use  of 
Cigarettes 

407 

40.1 

609 

59.9 

453 

35.0 

840 

65. a 

0.01 

Past  History  of 
Cigarettes 

752 

74.0 

264 

26.0 

944 

73.0 

349 

27.0 

0.58 

Past  History  of 
Cigar  Use 

249 

24.5 

767 

75.5 

345 

26.7 

948 

73.3 

0.24 

Past  History  of 
Pipe  Use 

265 

26.1 

751 

73.9 

340 

26.3 

953 

73.7 

0.92 

Past  History  of 
Marijuana  Use* 

26.3 

72.7 

31.0 

69.0 

0.15 

Marijuana  Use* 
within  Past 

30  Days 

7.8 

92.2 

9.2 

90.8 

0.52 

Use  of  Alcohol 

901 

88.7 

115 

11.3 

1,147 

38.7 

146 

11.3 

0.98 

since  Last 
Interview 


^Estimates  based  on  randoa  response  technique. 


TABLE  2-5 


Average  Use  of  Tobacco  Products  and  Alcohol 
for  Those  Reporting  Use  of  These  Substances: 
Participants  of  the  Follovup  Examination  by  Group 


Ranch 

Hand 

Comparison 

Substance 

Mean 

Median 

Mean 

Median 

Cigarettes  per  Day  (Current  Use) 

26.54 

25.00 

25.77 

25.00 

Cigarettes,  Pack-Tears  (Cumulative) 

17.69 

13.00 

17.61 

13.00 

Cigar-Tears  (Cumulative) 

11.25 

1.30 

10.96 

1.00 

Pipe-Tears  (Cumulative) 

20.03 

6.10 

16.90 

4.00 

Alcohol  Drinks  per  Day 
(Current  Use) 

6.26 

6.00 

6.42 

5.00 

Drink-Tears  (Since  Last  Interviev) 

1.81 

0.80 

1.89 

0.74 

Drink-Years  (Cumulative) 

26.59 

12.80 

25.04 

13.00 

Educational  background  and  religious  preference  for  the  two  groups  are 
presented  in  Tables  2-6  and  2-7.  The  current  ailitary  status  of  each  indi¬ 
vidual  vas  classified  as  active  duty,  retired,  separated,  reserve  duty,  or 
deceased.  There  were  no  significant  differences  betveen  the  tvo  groups. 

These  data  are  presented  in  Table  2-8  and  shoved  equivalence  of  the  tvo 
groups  in  these  social  variables. 

Data  on  income  vere  collected  in  a  categorical  fora,  and  the  median 
income  levels  of  the  Ranch  Hand  and  Comparison  groups  vere  comparable.  The 
median  personal  Income  in  both  groups  vas  in  the  $25,000  to  $30,000  range, 
and  the  median  total  family  income  ranged  from  $40,000  to  $45,000  in  each 
group. 

Risk-taking  behavior  patterns  of  the  study  population  vere  assessed  by  a 
series  of  questions  that  emphasized  participation  in  potentially  dangerous 
recreational  activities.  These  data  are  summarized  in  Table  2-9.  In  motor- 
vehicle  racing  (automobiles,  boats,  and  motorcycles)  and  scuba  diving,  there 
vere  group  differences  of  borderline  significance  (p-0.07  and  p«0.Q9,  respec¬ 
tively).  Slightly  more  Comparisons  vere  scuba  divers  (12. 4%  versus  10. IX), 
and  more  Ranch  Hands  raced  motor  vehicles  (12. 9X  versus  10. 4%).  There  vas  a 
significant  difference  in  scuba  diving  at  Baseline  (p-0.04),  vhen  more 
Comparisons  vere  scuba  divers  (12.7%  versus  9.9%). 


TABLE  2-6 


Uucationl  Background  of  Participants  of  the 
Pollcvup  Examination  b y  Group 


group 


Ranch  Hand  Comparison 


Educational  Level 

Number 

Percent 

Number 

Percent 

High  School/GED 

522 

51.4 

655 

50.7 

Associate  Degree 

84 

8.3 

114 

8.8 

BA/BS  Degree 

194 

19.1 

271 

21.0 

Graduate  Degree 

203 

20.0 

239 

18.5 

Unknovn 

13 

1.3 

14 

1.1 

p-0.64 


TABUS  2-7. 

Religious  Preference  of  Participants  ui  the 
Pollovup  Rxaml nation  by  Group 


_ Group _ 

Ranch  Hand  Coaparison 

Religious  Preference  Number  Percent  Number  Percent 


Protestant 

671 

66.0 

856 

66.2 

Catholic 

215 

21  2 

281 

21.7 

Jevish 

9 

0.9 

15 

1.2 

Other 

37 

3.6 

54 

4.2 

None 

84 

8.3 

87 

6.7 

p>0.60 
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TABLE  2-8. 


Military  Status  of  Participants  of  th« 
Follovup  Examination  by  Group 


Group 


Military  Status 

Ranch  Hand 

Comparison 

Number 

Percent 

Number 

Percent 

Active  Duty 

89 

8.8 

118 

9.1 

Retired 

553 

54.4 

683 

52.6 

Separated 

313 

30.8 

420 

32.5 

Reserve  Forces 

55 

5.4 

65 

5.0 

Deceased" 

6 

0.6 

7 

0.5 

p»0.90 

"Died  after  the  follovup  examination. 

These  data  reflected  the  overall  equivalence  of  the  tvo  groups  in  social 
and  behavioral  characteristics.  The  differences  observed  vhen  these  data 
vere  contrasted  to  similar  data  at  Baseline  might  have  reflected  differences 
in  data  collection  methods  or  slight  changes  in  the  cohorts  rather  than 
changes  in  behavior  among  group  numbers. 


LONGITUDINAL  LOSSES  AND  GAINS 

A  total  of  2,269  Ranch  Bands  and  Comparisons  vas  fully  compliant  vith 
the  Baseline  study.  The  study  population  of  2,309  for  the  follovup  included 
a  loss  of  159  participants  and  the  addition  of  199  individuals. 

Loss  to  the  follovup  occurred  either  because  the  participant  vas 
deceased,  refused  to  participate,  or  vas  unlocatable.  The  loss  to  follovup 
vas  7  percent  in  both  the  Ranch  Hand  and  Comparison  groups.  Of  the 
69  Comparisons  lost  to  the  follovup  study  due  to  refusal  or  inability  to 
locate,  17  vere  replaced.  For  the  remaining  52,  no  replacement  vho  satisfied 
the  health  status  matching  criterion  and  vas  villing  to  participate  vas 
identified  from  the  candidate  replacements.  The  categories  of  these  indi¬ 
viduals  are  provided  in  Table  2-10.  A  total  of  199  nev  participants  vere 
recruited  into  the  study  based  on  the  selection  methodology  used.  Informa¬ 
tion  on  the  nev  participants  is  provided  in  Table  2-10. 


TABU  2-9 


Risk-Taking  Behavior  of  Participants  of  tba 
Followup  Rxaal  nation  by  Group 


Group 


Ranch  Hand _  _ Coaparison 


Activity 

Tes 

Percent 

No 

Fercent 

Tes 

Percent  No  Percent 

p-Value 

Scuba  Diving 

103 

10.1 

913 

89.9 

160 

12.4 

1,133 

87.6 

0.09 

Auto,  Boat,  or 
Hotorcycle  Racing 

131 

12.9 

885 

87. J 

135 

10.4 

1,158 

89.6 

0.07 

Acrobatic  Flying 

A3 

4,2 

973 

95.8 

43 

3.3 

1,250 

96.7 

0.25 

Sky  Diving 

22 

2.2 

994 

97.8 

32 

2.5 

1,261 

97.5 

0.62 

Hang  Gliding 

11 

1.1  i 

,005 

98.9 

14 

1.1 

1,279 

98.9 

1.00 

Mountain  Clinking 

82 

8.1 

934 

91.9 

102 

7.9 

1,191 

92.1 

0.86 

Surfboard  Riding 

81 

8.0 

935 

92.0 

91 

7.0 

1,202 

93.0 

0.40 

Long-Distance 

Sailing 

54 

5.3 

962 

94.7 

55 

4.3 

1,238 

95.7 

0.23 

Fast  Downhill 
Skiing* 

170 

16,7 

846 

83.3 

184 

14.2 

1,108 

85.8 

0.10 

p-0 . 10 


♦One  Coaparison  vas  unwilling  to  respond. 
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TAILS  2-10 


Losses /Gains  of  Participants  Betveen  tba 
Baseline  and  Follovup  Examinations 


Losses 


Nuabar 


Cat ago ry 


10 

Ranch  Bands  Deceased 

59 

Ranch  Hand  Refusals 

5 

Ranch  Hands  Unlocatable 

74 

Total  Ranch  Hands  Lost 

16 

Coaparisons  Dacaased 

55 

Coaparison  Refusals 

14 

Coaparisons  Unlocatable 

85 

Total  Coaparisons  Lost 

Gains 

Nuabar 

Category 

39 

Ranch  Hands  Partially  Compliant  at 
Baseline 

6 

Navly  Verified  or  Located  Ranch  Hands 

45 

Total  Ranch  Hands  Added  to  Study 

61 

Partially  Coapliant  Original 

Coaparisons  at  Baseline 

32 

Partially  Coapliant  Replaceaent 
Coaparisons  at  Baseline  . 

11 

Navly  Selected  Original  Coaparisons 
(For  Navly  Verified  Ranch  Hands) 

16 

Replacements  for  Coapliant  Coaparisons 
Vhc  Refused  Follovup 

10 

Noncoapliant  Original  Coaparisons  Who 
Agreed  to  Attend  Follovup 

11 

Noncoapliant  Replaceaent  Coaparisons 

Vho  Agreed  to  Attend  Follovup 

1 

Original  Coaparison  Not  Locatable  at 
Baseline  but  Found  at  Follovup 

3 

Replaceaent  Coaparisons  Not  Locatable 
at  Baseline  but  Found  at  Follovup 

9 

Rsplacesant  Coaparisons  Not  Contacted 
at  Baseline 

154 

Total  Comparisons  Added  to  Study 
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Participants  vara  racruitad  for  tha  first  followup  in  accord&nca  with 
tha  Study  Protocol.  All  participants  (Ranch  Bands  and  Coaparisons)  who  v»*-e 
contactad  for  anrollaant  at  Basalina  vara  racruitad  for  this  phase  of  tha 
study.  Navly  verified  and  located  Ranch  Hands,  since  Basalina,  and  their 
raspactiva  Coaparisons  vara  invited  to  join  the  study.  Due  to  refusals  among 
tha  Coaparisons,  replaceaents  froa  tha  previously  uncontacted  Coaparisons 
vara  selected  for  anrollaant.  Tha  replaceaents  vara  aatchad  to  tha  refusing 
Coaparisons  on  self-perception  of  health;  health  status  data  vere  obtained  in 
tha  telephone  survey. 

Personal  characteristics  of  the  tvo  groups  vere  compared,  based  on  data 
obtained  froa  the  follovup  questionnaire.  Contrasts  cf  age,  educational 
background,  religious  preference,  currant  military  status,  and  income 
revealed  no  significant  differences  batveen  the  Ranch  Band  and  Comparison 
groups.  Significantly  more  Ranch  Bands  smoked  cigarettes  at  the  time  of  the 
follovup  examination  than  did  Comparisons,  although  there  vere  no  significant 
differences  found  for  past  history  of  cigarettes,  cigars,  or  pipe  use  or  for 
recent  or  past  use  of  marijuana.  A  much  higher  percentage  of  both  grbups 
reported  smoking  marijuana  at  some  time  in  the  past  at  the  follovup  than  at 
Baseline.  This  difference  vas  most  likely  due  to  a  greater  sense  of 
confidentiality  generated  by  the  random  response  techniques  used  in  1985. 

The  use  of  alcohol  since  the  Baseline  examination  vas  not  significantly 
different  betveen  the  tvo  groups.  The  difference  in  the  risk-taking  behavior 
patterns  of  the  Ranch  Hands  and  the  Comparisons  vas  marginally  significant. 
Slightly  more  Ranch  Hands  than  Comparisons  raced  motor  vehicles,  and  more 
Coaparisons  vere  scuba  divers. 

The  follovup  study  population  included  the  loss  of  159  participants 
(74  Ranch  Hands  and  85  Comparisons)  vho  vere  fully  compliant  at  Baseline  and 
the  addition  of  199  participants  (45  Ranch  Bands  and  154  Comparisons).  The 
199  nevly  examined  study  subjects  consisted  of  132  participants  (39  Ranch 
Hands,  61  Original  Comparisons,  and  32  replacement  Comparisons)  vho  vere 
partially  compliant  at  Baseline,  21  participants  (10  Originals  and 

11  replacements)  vho  refused  at  Baseline,  and  46  participants  (6  Ranch  Bands, 

12  Originals,  and  28  replaceaents)  vho  vere  nev  to  the  study. 

Thus,  the  study  population  for  the  first  follovup  of  the  APHS  consisted 
of  2,309  individuals:  1,016  vho  had  been  associated  vith  Operation  Ranch 
Hand  and  1,293  Coaparisons. 
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CHAPTER  3 


QUESTIONNAIRE  METHODOLOGY 


This  chapter  discusses  the  developaent  and  the  implementation  of  the 
questionnaires  used  in  the  study:  the  participant  interval  questionnaire, 
the  spouse  interval  questionnaire,  the  Baseline  participant  and  spouse 
questionnaires,  and  the  telephone  survey  of  previously  uncontacted 
Coaparisons . 

The  participant  interval  questionnaire  vas  designed  to  capture  the  study 
participant's  health  history  in  the  3  years  since  his  participation  in  the 
Baseline  study.  Data  collection  vas  comparable  to  the  Baseline  effort:  The 
questionnaire  vas  very  similar,  and  it  vas  administered  using  the  same  face- 
to-face  methodology  to  virtually  the  same  population.  In  the  Baseline  study, 
interviev3  vere  conducted  in  the  participants'  homes  and  the  follovup  inter- 
viev  vas  conducted  at  the  physical  examination  site.  The  revised  methodology 
vas  more  efficient  and  better  subject  to  quality  control. 

The  spouse  interval  questionnaire  collected  reproductive  data  similar  to 
those  collected  at  Baseline  from  spouses  for  the  interval  since  Baseline. 

The  spouse  interval  questionnaires  vere  mailed  to  the  spouses  to  be  self- 
administered,  or  vere  completed  in  La  Jolla,  California,  if  the  spouse 
accompanied  the  participant  to  the  physical  examination  site.  Analysis  of 
the  spouse  data  is  not  included  in  this  report. 

Since  some  study  subjects  refused  to  participate  in  1982  and  other 
participants  vere  nev  to  the  study,  Baseline  questionnaires  vere  administered 
to  these  nev  participants  and  their  spouses.  The  same  procedures  used  at 
Baseline  vere  used  to  administer  the  Baseline  questionnaires  in  the  homes  of 
these  individuals. 

The  elements  of  each  questionnaire  are  identified  in  Table  B-l  of 
Appendix  B.  Questionnaire  development  and  administration  and  scheduling  of 
participants  vere  conducted  by  the  National  Opinion  Research  Center  (NORC),  a 
social  science  research  center  at  the  University  of  Chicago. 


QUESTIONNAIRE  DEVELOPMENT 

The  goal  of  questionnaire  development  vas  to  maintain  to  the  maximum 
extent  possible  the  question  vordings,  context,  and  procedures  that  vere  used 
in  the  1982  Baseline  study.  The  largest  task  of  questionnaire  development 
vas  asking  for  interval  histories  on  crucial  questionnaire  items  to  update 
the  information  provided  by  the  1982  Baseline  questionnaires.  For  the 
participant  interval  questionnaire r  nev  questions  vere  also  developed  on  risk 
factors  for  skin  cancer,  since  the  Baseline  MorLidi tv  Report  found  Ranch 
Hands  to  have  an  excess  of  uonmelanoma  skin  cancer.  **  Because  the  chemical 
constituents  of  Herbicide  Orange  had  not  previously  been  associated  vith  skin 
cancer  in  the  literature,  no  questions  had  been  included  in  the  Baseline 
participant  questionnaire  to  collect  information  on  risk  factoid  for  this 
condition. 
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Nev  questions  vere  added  to  determine  personality  type,  since  Type  A 
behavior  is  associated  with  coronary  heart  disease.  The  Jenkins  Activity 
Scale  vas  administered  to  collect  these  data.  Enhancements  vere  also  made  to 
inprove  data  collection  for  birth  defects,  smoking  habits,  and  drinking 
habits.  A  copy  of  the  participant  interval  questionnaire  is  provided  in 
Appendix  B. 

An  information  sheet  containing  a  computer-generated  summary  of  key 
respondent  answers  to  the  Baseline  survey  vas  used  to  provide  bounded  recall 
for  participants.  Even  vhen  given  a  precise  "starting  date,"  respondents 
frequently  repeat  information  given  earlier,  neglect  to  report  nev  infor¬ 
mation  because  they  thought  they  had  previously  reported  it,  and  otherwise 
misplace  events  in  time  or  forget  them  completely.  The  best  means  of  pre¬ 
venting  such  errors  is  through  the  use  of  bounded  recail,  in  which  the 
respondent  is  reminded  of  information  he  has  already  reported  and  nev  infor¬ 
mation  i a  sought  vith  reference  to  an  updated  information  sheet.  Among  the 
data  elements  included  vere  date  of  birth,  highest  educational  degree, 
military  status  at  last  interviev,  marital  status  at  last  interview,  and  name 
of  spouse. 

The  questionnaire  vas  pretested  on  8  ineligible  individuals  who  had  been 
interviewed  during  Baseline,  and  on  10  men  who  participated  in  the  pretest 
examination. 


INTKRVXEVKR  TRAINING 

Twelve  interviewers  were  recruited  and  trained  by  NORC's  field  manage¬ 
ment  and  Chicago  office  staffs  in  May  1985  to  administer  the  interval 
questionnaires.  The  onsite  NORC  interviev  staff  vas  not  informed  of  the 
exposure  status  of  any  study  participant  either  before  or  after  contract 
completion.  The  site  supervisor  reported  to  the  Project  Director  in  Chicago 
on  a  weekly  basis,  and  quarterly  visits  vere  made  to  the  site  by  the 
Director.  The  site  supervisor  observed  a  sample  of  interviews,  at  least  one 
per  interviewer  per  week,  and  reviewed  and  edited  interviev  questionnaires 
before  shipping  them  to  Chicago  for  further  processing. 

In  early  1985,  personal  intervieve  vere  recruited  to  conduct  Baseline 
interviews  for  nev  participants  in  their  homes.  The  interviewers  vere 
trained  in  the  Chicago  NORC  office,  using  questionnaires  and  procedures 
established  for  the  Baseline  survey.  They  vwre  supervised  by  an  assistant 
survey  director  in  the  NORC  office,  vho  edited  each  completed  questionnaire 
and  talked  vith  each  interviewer  veekly. 


TELEPHONE  SURVEY 

The  telephone  survey  of  uncontacted  Comparisons  vas  intended  to  gather 
dnta  on  the  general  health  status  of  the  7,963  replacement  candidates  for  the 
active  Comparison  group.  The  sample  consisted  of  men  vho  served  in  C-130 
units  in  Southeast  Asia  between  1962  and  1971,  but  vho  did  not  participate 
actively  in  the  Baseline  phase  of  the  study.  A  total  of  7,411  cases  (93%) 
vas  completed  by  NORC  computer-assisted  telephone  interviewers.  The 
telephone  survey  vas  conducted  prior  to  the  scheduling  of  the  physical 
examinations. 
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The  key  question  asked  vas,  "Compared  to  other  people  your  age,  vould 
you  say  that  your  health  is. . .excellent,  good,  fair,  poor?"  Other  questions 
asked  about  current  medications,  severity  of  illness  or  injury  during  the 
lost  6  months,  and  income.  Locating  and  refusal  conversion  algorithms 
similar  to  the  Baseline  data  collection  efforts  were  used. 

The  data  from  the  telephone  survey  of  uncontacted  Comparisons  vere  used 
to  select  a  replacement  vhose  self-reported  health  status  matched  that  of  the 
noncompliant  Comparison.  If  a  willing  replacement  vas  not  found  by  this 
method,  the  perception  of  health  status  variable  was  dichotomized  into 
excellent /good  versus  fair/poor,  and  a  new  replacement  vas  selected  from  the 
Comparison  set.  If  this  second  attempt  at  identifying  a  suitable  replacement 
failed,  no  replacement  vas  made.  The  selection  procedure  is  provided  in 
Figure  3-1.  In  this  example,  the  first  randomly  ordered  Comparison  vas 
contacted  but  refused  to  participate.  In  the  second  attempt,  the  Comparison 
vas  deceased.  The  third  Comparison  volunteered  to  participate  in  the 
morbidity  study. 


SCHEDULING  OF  PARTICIPANTS 

NORC  recruited  and  trained  four  schedulers  to  perform  the  initial  con¬ 
tacts  vith  study  subjects.  Their  training  included  background  information  on 
the  details  and  purpose  of  the  study,  simulation  of  the  actual  scheduling  of 
calls,  documentation  of  results,  and  conversion  of  refusals.  An  initial 
letter  vcs  sent  by  the  Air  Force  to  each  study  subject,  informing  him  of  the 
upcoming  interval  physical  examination.  The  NORC  scheduler  then  followed 
this  letter  vith  a  call  to  attempt  to  schedule  the  participant. 

Refusals  occurred  at  a  number  of  steps  in  the  scheduling  process.  A 
team  of  conversion  speciAlists  vas  assigned  to  contact  refusing  study 
subjects  and  attempt  conversions.  Help  in  conversion  vas  also  received  from 
individuals  in  the  U.S.  Air  Force  School  of  Aerospace  Medicine  and  the  Ranch 
Hand  Association.  Many  more  participants  were  scheduled,  but  due  to 
"no-shovs”  at  the  examination  site,  and  passive  refusals  who  rescheduled 
frequently,  the  final  figure  stood  at  2,309. 

The  Baseline  interviewer  contacted  the  potential  study  participant  by 
telephone  for  scheduling  the  in-home  interview.  Toverd  the  end  of  the 
physical  examination  phase,  the  Baseline  questionnaire  vas  administered  at 
the  examination  site  by  one  of  the  interviewers  vho  had  been  trained  in 
administering  that  questionnaire.  Of  the  106  participant  Baseline  question¬ 
naires  administered  during  the  first  follovup,  21  had  to  be  conducted  at  the 
examination  site. 

The  supervisor  of  tne  Baseline  intervievers  conducted  the  locating 
efforts  for  nev  and  interval  participants.  Procedures  similar  to  these  used 
in  1982  vere  followed:  a  postal  search,  followed  by  a  local  telephone 
directory  search,  a  motor  vehicle  registration  search,  and  personal  locating 
efforts  in  the  area  of  last  known  residence  when  appropriate.  The  Air  Force 
also  provided  locating  support  through  its  records. 


DATA  COLLECTION 

Upon  arrival  at  the  Scripps  Clinic  and  Research  Foundation  (SCRF).  the 
participant  received  a  schedule  including  the  time  and  pla^e  for  the  interval 
interview,  and  a  race-matched  interviewer  vas'  appointed  to  conduct  ihe 
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interview.  Because  of  scheduling  problems  and  the  unavailability  of  a  Black 
interviewer,  65  of  the  143  Black  study  participants  vere  interviewed  by 
whites. 

As  in  all  of  the  personal  interviews  for  the  AFHS,  interviewers  vere 
required  to  ask  questions  exactly  as  vritten,  vere  not  allowed  to  interpret 
questions  or  inject  personal  coaaentary,  and  vere  not  allowed  to  skip  between 
sections  of  the  questionnaire.  They  vere  also  instructed  to  probe  "don't 
know"  answers  at  least  once.  During  the  interview,  aedical  record  release 
forms  were  signed.  The  respondent  vas  also  asked  to  give  the  current  naae 
and  address  for  each  former  spouse  listed  in  the  questionnaire,  so  that 
spouse  questionnaires  could  be  nailed  to  these  individuals. 

The  spouse  interval  survey  vas  nailed  to  current  spouses  at  the  time  the 
study  subject  vas  at  the  SCRF.  Two  MORC  Chicago  telephone  interviewers  vere 
trained  to  prompt  refusing  spouses  to  return  the  questionnaire,  or  to 
administer  the  spouse  interview  by  telephone  as  pert  of  the  refusal  con¬ 
version  effort.  If  the  spouse  also  traveled  to  La  Jolla,  the  questionnaire 
vas  completed  under  the  supervision  of  a  site  interviever.  Of  the  1,898  com¬ 
pleted  spouse  interval  questionnaires,  1,066  vere  returned  by  nail,  348  vere 
completed  by  telephone,  and  484  ware  completed  in  La  Jolla. 


MTA  PROCESSING 

All  completed  interviews  vere  sent  to  the  NORC  Chicago  office  following 
editing  by  the  site  supervisor,  who  retrieved  missing  data  from  study 
subjects  while  they  vere  still  onsite;  any  further  retrieval  of  critical 
items  vas  conducted  from  the  Chicago  office  through  telephone  contacts. 
Critical  items  vere  those  for  which  missing  data  vere  unacceptable. 

The  questionnaires  vere  coded  for  data  entry  by  a  staff  of  five  coders 
vho  received  a  week  of  training  on  the  various  AFHS  instruments.  Data  entry 
vas  programmed  to  provide  value  and  rar.ge  checks  as  the  data  vere  being 
entered,  to  perform  logic  checks  and  arithmetic  checks,  to  flag  important 
missing  items,  and  to  verify  the  key  entry  of  10  percent  of  each  question¬ 
naire.  Then  the  data  vere  run  through  an  automated  cleaning  program  to 
detect  a  vide  range  of  data  errors  that  vere  corrected  by  pulling  the  hard 
copy  questionnaires  and  reviewing  each  situation  on  a  case-by-case  basis.  No 
changes  vere  ever  made  in  the  hard  copy  data;  corrections  vere  entered  into 
the  data  tape,  and  the  tape  vas  run  against  the  cleaning  program  until  no 
errors  vere  detected. 
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CHAPTER  4 


PHYSICAL  EXAMINATION  METHODOLOGY 


The  first  followup  examination  vas  provided  to  four  categories  of  indi¬ 
viduals:  those  vho  had  taken  the  Baseline  questionnaire  and  Baseline  physi¬ 
cal  examination;  those  vho  had  been  invited  to  the  Baseline  events  but  chose 
not  to  participate,  only  took  the  questionnaire,  or  vere  unloca table;  those 
Comparisons  vho  had  not  been  invited  previously,  but  vho  vere  selected  as 
replacements  for  Baseline  Comparisons  noncompllant  to  this  follovup  examina¬ 
tion;  and  the  six  nevly  identified  Ranch  Hands.  As  noted  in  the  Baseline 
Report,  all  potential  study  participants  vere  verified  as  eligible  for  the 
AFHS  folloving  a  detailed  reviev  of  military  personnel  records.  Replacement 
individuals  vere  carefully  selected,  by  matching  data  on  the  self-perception 
of  health  from  the  noncompliant  Comparison  (obtained  from  the  telephone  sur¬ 
vey)  vith  those  of  the  replacement  candidate  (see  Chapter  3  for  details). 

The  follovup  examination  differed  logistically  from  the  Baseline  exami¬ 
nation  in  one  significant  vay:  All  structured  interval  questionnaires  vere 
administered  at  the  examination  site  as  contrasted  to  the  in-home  intervievs 
conducted  at  Baseline.  The  follovup  examination  consisted  of  the  folloving 
major  elements: 

•  Interval  Questionnaire 

•  Combat  Experience  Questionnaire 

e  Reviev-of-Sys terns  Questionnaire 

•  Psychological  Testing 

•  Physical  Examination 

•  Specialized  Testing,  e.g.,  Doppler  Arterial  Studies 

•  Laboratory  Testing 

•  Psychological  and  Medical  Outbriefings. 

Details  of  the  above  examination  elements  vere  carefully  prescribed  by 
the  Air  Force  and  set  forth  as  contractual  requirements.  Clinical  innova¬ 
tions  or  variations  vere  neither  desired  nor  authorized;  all  proposed  exami¬ 
nation  procedural  changes  vere  revieved  in  detail  by  Air  Force  technical  and 
contractual  personnel.  An  important  objective  of  the  technical  reviev  vas  to 
ensure  that  bias  vas  not  created, by  any  procedural  change.  The  requirement 
to  maintain  blind  examinations  vas  particularly  stringent:  The  clinical 
staff  vas  prohibited  from  knowing  or  seeking  information  as  to  the  group 
identity  (Ranch  Hand,  Comparison)  of  any  participant.  At  the  end  of  the 
examination,  each  participant  vas  asked  to  note  on  the  critique  form  whether 
such  information  vas  sought  by  any  member  of  the  clinical  or  paramedical 
staff. 
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KXATONATTON  CONTENT 


Examination  content  vm  designed  by  the  Air  Force  to  emphasise  detection 
of  nodical  endpoints  suspected  of  being  associated  with  exposure  to  phenoxy 
herbicides,  chlorophenois,  or  dioxin.  In  addition,  findings  in  the  Baseline 
examination  vere  used  by  the  Air  Force  to  direct  changes  in  the  followup 
examination  (e.g.,  abnormal  pulses  at  Baseline  suggested  the  need  for  Doppler 
Measurements  at  the  followup).  The  general  content  of  the  physical  examina¬ 
tion  and  psychological  test  battery  is  shown  in  Table  4-1,  and  the  complete 
laboratory  test  series  is  displayed  in  Table  4-2. 

Quality  control  requirements  for  both  laboratory  testing  and  clinical 
procedures  vere  extensive.  Although  details  are  provided  in  Chapter  6,  the 
following  categories  provide  an  overview  of  the  extent  of  the  quality  empha¬ 
sis.  For  laboratory  testing,  single  reagent  lots  and  control  standards  were 
used  when  practical,  duplicate  specimens  were  routinely  and  blindly  retested, 
testing  overlaps  vere  mandatory  vHen  test  reagents  required  change,  and  fast 
initial  response  cumulative  statistical  techniques  (FIR  CUSUM)  vere  used  to 
detect  rapidly  any  subtle  test  drift  over  time.  In  addition,  SO  specimens 
from  the  Baseline  serum  bank  vere  re tested  to  assess  the. comparability  of 
laboratory  methods.  The  SCRF  clinical  team  was  carefully  instructed  to 
assure  clinical  quality.  The  quality  control  elements  included:  a  pretest 
of  the  exaaination  process}  detailed  clinical  inspection  techniques  by  SCRF, 
Science  Applications  International  Corporation  (SAIC),  and  Air  Force  physi¬ 
cians  and  personnel;  preprinted  mark-sense  exaaination  forms;  clinical  qual¬ 
ity  assurance  meetings  to  detect  and  correct  problems;  and  blindness  of 
exposure  status  the  exaaination.  In  addition,  participant  rapport- 
building  techniques  vere  added  to  boost  participation  in  future  follovup 
studies,  such  as  participant  critique  forms  and  recreational  opportunities 
afforded  to  the  accompanying  family  members. 


CONDUCT  OF  EXAMINATIONS 

All  examinations  vere  conducted  at  SCRF,  La  Jolla,  California,  from 
May  1985  to  March  1986.  Except  for  veeks  vith  national  holidays,  two  groups 
of  participants,  averaging  about  32  per  group,  vere  examined  veekly.  Midway 
through  the  study,  NQRC  recruiters  noted  that  a  number  of  participants 
refused  the  examination  because  of  veekday  business  commitments  or  because  of 
single-parent  responsibilities.  Consequently,  two  special  veekend  examina¬ 
tions  vere  arranged  late  in  the  examination  cycle,  and  many  of  the  former 
refusals  vere  then  able  to  attend.  The  exaaination  vas  identical  to  the 
regular  2  1/2-day  process,  except  that  it  was  compressed  into  2  days  by 
reducing  the  number  of  participants  in  a  group. 

The  logistics  effort  required  in  contacting,  transporting,  and  examining 
2,309  study  members  vas  formidable.  Precxami nation  contacts  consisted  of  the 
telephone  health  survey,  telephone  recruitment  to  the  exaaination  if  neces¬ 
sary,  and  calls  by  either  the  NORC  scheduling  specialists  or  by  the  travel 
agent  to  arrange  transportation  and  determine  vhether  special  requirements 
existed  (e.g.,  vheelchair  assistance,  veakend  examination  schedule).  Once 
scheduling  vas  reasonably  firm,  the  SAIC  logistics  coordinator  sent  each 
participant  a  detailed  information  package  outlining  dietary  requirements, 
inbriefing  schedules,  important  telephone  numbers,  a  request  for  medical 
records,  and  local  maps  designating  examination-site  eating  and  recreational 
facilities. 
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TABLE  4-1 


Bleaents  of  the  Pollovup  Physical  Bxaaination 


Bleaents 


Reaarks 


General  Physical  Bxaaination 
Neurological  Bxaaination 
Deraatological  Bxaaination 
Elec  t  rocard i ograa 


Doppler  Peripheral  Arterial 
Blood  Flow  Studies 

Chest  X  Ray 

laaunological  Studies 

Skin  Test  Studies 

Psychological  Evaluation: 

Minnesota  Multiphasic 

Personality  Inventory  (MMPI) 
Cornell  Medical  Index 
Hals tead-Rei tan  Battery 

Patient  Outbriefing  and  Discussion  of 
Individual  Results 


Internist 

Neurologist 

Deraatologist 

Resting,  4-Hour  Fasting  and 
Nicotine  Abstinence 

4-Hour  Nicotine  Abstinence 


SOX  Randoa  Saaple 
75X  Saaple 


Medical  Diagnostician, 
Internist,  and  Ph.D. 
Psychologist 


TABLE  4-2 


Laboratory  Tost  Procedures  of  the  Followup  Physical  Examination 


Clinical  Laboratory 


Fasting  Glucose 

Blood  Urea  Nitrogen  (BUN) 

Cholesterol 
HOL  Cholesterol 
Triglyceride 

Serua  Glutamic-Oxaloacetic  Transaminase  (SGOT) 
Serum  Glutamic-Pyruvic  Transaminase  (SGPT) 
Gamma-Glutamyl  Transpeptidase  (GGTP) 

Alkaline  Phosphatase 
Lactic  Dehydrogenase  (LDH) 

Thyroid  Stimulating  Hormone  (TSH) 

Initial  Cortisol 
2-Hour  Cortisol 


2-Hour  Postprandial  Glucose 
Creative  Phosphokinase  (CPK) 
Total  Bilirubin 
Direct  Bilirubin 
Total  Protein 
Protein  Electrophoresis. 
Routine  Urinalysis 
T,  X  Uptake 

T4 

Testosterone 

Hecatitis  B  Surface  Antigen 

Hepatitis  B  Surface  Antibody 

Follicle  Stimulating  Hormone 
(FSH) 


Prothrombin  Time 
Quantitative  Immunoglobulins 
Complete  Blood  Count  (CBC) 
Leuteinizing  Hormone  (LH) 


Rapid  Plasma  Reagin  (RPR) 
Porphyrins  (Mayo  Clinic) 
Sedimentation  Rate 


Immunological  Laboratory 


Cell  Surface  (Phenotype)  Analyses 
Lymphocyte  Mitogen  Stimulation  Assays 
Mixed  Lymphocyte  Culture  (MLC) 

Natural  Killer  Cell  Assay  by  Specific  Cellular  Cytotoxicity  Using  K-562 
Target  Cells 

Natural  Killer  Cell  Assay  (Using  Interferon)  by  Specific.  Cellular 
Cytotoxicity  Using  K-562  Target  Cells 
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The  logistical  flov  of  the  entire  examination  process  vas  complex. 
Figures  4-1  and  4-2  outline  participant  flov  for  the  first  2  examination 
days.  As  depicted  in  these  figures,  each  group  of  participants  (generally 
containing  equal  rum bars  of  Ranch  Rands  and  Comparisons)  vas  transported 
early  in  the  morning  to  SCRF  on  the  first  2  days  in  a  fasting  state;  tobacco, 
alcohol,  and  coffee  abstinence  vere  also  required.  Follovlng  initial 
inbriefing  and  blood  drav  on  the  first  day,  each  participant  vas  randomly 
assigned  to  the  examination  group  or  to  the  psychological  testing  group.  On 
the  second  day,  these  groups  vere  reversed.  After  randomisation,  each  member 
vas  given  an  individualised  3-day  schedule  outlining  his  medical,  interviev- 
ing,  and  laboratory  appointments.  The  schedule  carefully  noted  the  specific 
required  periods  of  fasting  and  tobacco  abstinence  (see  Figures  4-1  and  4-2 
for  generalised  periods  in  relation  to  ECG  and  Doppler  testing).  Each  indi¬ 
vidual  vas  reminded  of  the  fact  that  all  aspects  of  the  examination  vere 
strictly  voluntary,  and  that  refusals  vould  be  honored  without  question. 

Both  general  and  specific  consent  foras  (e.g.,  skin  biopsy),  approved  by  the 
Air  Force,  vere  explained  in  detail. 

In  contrast  to  the  Baseline  examination,  great  reliance  vas  placed  upon 
each  individual  to  find  the  appropriate  clinic  area  at  his  scheduled  time. 
This  approach  had  great  appeal  to  this  self-reliant  population  as  evidenced 
by  critique  feedback.  Throughout  the  examination  day,  generous  time  vas 
provided  for  vaiting-room  activities,  i.e.»  reneval  of  past  friendships, 
discussions  of  the  Vietnam  War,  consumption  of  refreshments  vhen  permitted, 
and  completion  of  paperwork.  Day  3  of  the  examination  vas  largely  spent  in 
finishing  up  the  specialty  examinations  and  receiving  the  outbriefings  from  a 
psychologist  and  medical  diagnostician.  Only  upon  completion  of  these 
important  debriefings  vere  the  participants  paid  their  stipend,  reimbursed 
for  travel  expenses,  and  transported  to  the  airport. 

A&  noted  previously,  the  SCRF  clinical  team  vas  hand-picked  for  partici¬ 
pation  in  this  project.  In  total,  IS  board-certified  physicians  in  internal 
medicine,  neurology,  and  dermatology  participated  in  the  general,  specialty, 
and  diagnostic  examination.  To  reduce  observer  variability,  turnover  in  the 
clinical  or  paramedical  staffs  vas  minimized  during  the  9  months  of  examina¬ 
tions.  One  SCRF  physician  served  as  the  Project  Medical  Director,  responsi¬ 
ble  for  the  scheduling,  conduct,  and  quality  control  of  the  examinations. 

All  examining  physicians  vere  introduced  to  the  mark-sense  examination  forms 
during  the  pretest  examination.  The  layout  of  the  fora  vas  designed  to 
parallel  the  flov  of  the  clinical  examination  so  as  to  minimize  recording 
errors.  Because  data  transcription  vas  not  permitted,  each  physician  vas 
responsible  for  filling  in  the  bubbled  form.  To  a  large  extent,  these  mark- 
sense  forms  and  subsequent  quality  control  vere  the  primary  reason  for  a 
remarkably  clean  data  set.  Two  examples  of  the  mark-sense  forms  are 
presented  as  Figures  4-3  and  4-4;  a  complete  set  of  foras  is  provided  in 
Appendix  C. 

For  the  first  follovup,  the  special  testing  included  Doppler  tests, 
delayed  hypersensitivity  skin  tests,  and  immunological  tests.  Doppler 
measurements  vere  obtained  on  all  participants  by  highly  experienced 
technicians;  results  vere  recorded  and  Polaroid  photographs  vere  taken  of 
representative  os  'lloscope  displays.  As  previously  noted,  considerable 
emphasis  vas  placed  upon  tobacco  abstinence  prior  to  Doppler  evaluations. 

Skin  tests  for  four  antigens  vere  administered  in  a  standardized  manner: 
Candida  (1:1,000  veight/volume,  0.1  ml  intradermal) ,  mumps  (2  complement¬ 
fixing-  units).  Trichophyton  (1:1,000  veight/volume,  0.1  ml  intradermal),  and 


4-5 


Figure  4-1. 

Flow  Diagram  of  Day  One  Followup 
Interview  and  Physical  Examination 


CHAPTER  5 


STUDY  SELECTION  AND  PARTICIPATION  BIAS 


INTRODUCTION  AND  BASELINE  SUMMARY 


The  Protocol 


During  the  design  phase,  the  authors  of  the  Protocol  anticipated  that 
loss  to  followup  would  pose  the  greatest  threat  to  the  validity  of  the  study. 
In  particular,  they  expected  differential  compliance  with  relatively  more 
Ranch  Hands  self-selecting  themselves  into  the  study  than  Comparisons  and 
with  health  differences  of  unknown  character  between  noncompliant  Ranch  Hands 
and  noncompliant  Comparisons.  As  a  partial  correction,  the  study  design 
specified  that  noncompliant  Comparisons  would  be  replaced  by  Comparisons 
having  the  same  values  of  the  matching  variables  and  the  same  health  percep¬ 
tion.  In  this  way,  the  replacement  Comparisons  would  serve  as  surrogates  for 
those  Comparisons  who  refused  to  participate.  This,  in  turn,  would  tend  to 
reduce  the  bias  due  to  noncompliance  in  the  Comparison  group  and  would  have 
the  added  advantage  of  maintaining  this  group's  sample  size. 

The  Comparison  in  each  randomized  matched  set  who  happened  to  be  first 
asked  to  participate  in  the  Baseline  questionnaire  and  physical  examination 
was  Identified  as  the  Original  Comparison  for  his  respective  Ranch  Hand  (in 
accordance  with  the  Protocol).  If  the  Original  Comparison  was  noncompliant, 
that  is,  he  refused  to  take  the  Baseline  questionnaire  or  physical  examina¬ 
tion,  his  replacement  was  called  a  replacement  Comparison.  Replacement  Com¬ 
parisons  were  so  distinguished  to  satisfy  the  Protocol  requirement  that  they 
be  contrasted  with  the  noncompliant  Comparisons,  also  called  refusals,  they 
replaced.  No  corresponding  replacement  strategy  for  the  Ranch  Hands  was 
possible  since  all  Ranch  Hands  had  been  identified  and  invited  to  partici¬ 
pate. 


The  Protocol  further  specified  that  the  replacements  would  be  statis¬ 
tically  compared  with  the  noncompliant  Original  Comparisons  to  determine  the 
extent  to  which  the  replacement  strategy  was  being  realized.  The  statistical 
contrast  of  replacements  and  refusals  was  to  be  based  on  responses  to  a  non- 
compliance  telephone  questionnaire  administered  to  refusals  anu  to  their 
potential  replacements.  This  questionnaire  assessed  self-perception  of 
health,  days  lost  from  work  due  to  illness,  and  medication  use,  and  was  to 
serve  as  the  basis  for  the  health  matching  called  for  in  the  Protocol. 
Although  the  Protocol  was  not  explicit  on  this  point,  it  implied  thet  the 
decision  to  include  or  exclude  the  replacements  from  the  study  would  be  based 
only  on  this  contrast. 


The  Baseline  Replacement  Operation 

The  health-matching  questions  (identical  to  the  noncompliance 
questionnaire)  were,  in  fact,  hot  administered  to  any  potential  replacement 
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Comparison  before  selection  at  Baseline,  although  questions  regarding 
self-perception  of  health,  medication  U3e,  and  work  loss  vere  asked  as  part 
of  the  Baseline  questionnaire  after  entry  into  the  study.  The  noncompliance 
telephone  questionnaire  vas  offered  to  non^.ompliant  study  participants,  but 
only  79  completed  the  telephone  questionnaire,  and  of  these  only  57  were 
actually  replaced.  Replacements  vere,  therefore,  not  health  matched  to 
refusals  at  Baseline.  Rather,  they  vere  matched  only  on  the  basic  matching 
variables:  date  of  birth,  race,  and  occupation.  The  statistical  contrast  of 
refusals  and  their  replacements  vas  not  performed  at  Baseline. 

During  the  scheduling  operation  at  Baseline,  tvo  untoward  events 
occurred  that  led  to  the  identification  of  tvo  additional  categories  of  Com¬ 
parisons,  shifted  Comparisons  and  Air  Force-intervieved  replacements.  First, 
212  of  the  Original  Comparisons  vere  discovered  to  be  ineligible  for  partici¬ 
pation  in  the  study  due  to  errors  in  the  data  base  regarding  their  unit  of 
assignment  in  Southeast  Asia.  These  men  had  not  served  in  Southeast  Asia 
but,  due  to  a  duplication  of  codes,  vere  mistakenly  included  in  the  Compari¬ 
son  population.  They  were  deleted  from  the  study. 

This  resulted  in  another  Comparison  in  each  previously  randomized  match 
set  being  first  asked  to  participate  ir  the  study.  These  new  Original  Com¬ 
parisons  vere  figuratively  called  "shifted"  Comparisons,  labeled  S  in  the 
Baseline  Report,  to  describe  the  effective  movement  of  these  Comparisons  in 
each  matched  set  to  fill  the  space  left  by  the  removed  ineligible  Original 
Comparison.  The  eligible  Original  Comparisons  were  labeled  0  in  the  Baseline 
report.  Shifted  Comparisons  are  more  accurately  referred  to  here  as  shifted 
Original  Comparisons  to  emphasize  that  they  are  not  replacement  Comparisons 
and  that  they  are  the  legitimate  Original  Comparisons  for  their  respective 
Ranch  Bands.  Shifted  Original  Comparisons  are  not  replacement  Comparisons 
because  their  invitation  to  participate  in  the  study  vas  not  the  result  of  a 
previous  refusal  of  another  Comparison  in  their  respective  matched  rets. 
Shifted  Original  Comparisons  vere  identified  to  reflect  concern  that  the 
process  by  which  Comparisons  vere  determined  ineligible  may  not  have  dis¬ 
tributed  ineligible  Comparisons  uniformly. 

Second,  30  replacement  Comparisons  vere  interviewed  by  Air  Force  staff 
rather  than  by  the  contractor.  These  replacements  vere  labeled  A.  All  other 
replacement  Comparisons,  labeled  R,  vere  simply  called  "replacements." 

The  removal  of  ineligible  Comparisons  from  the  study  caused  a  pause  in 
the  scheduling  operation  that  delayed  the  scheduling  of  the  shifted  Original 
and  replacement  Comparisons  relative  to  that  of  the  Original  Comparisons. 

This  scheduling  delay  is  apparent  in  Figures  V-3  and  V~*  in  the  Baseline 
Report.  Some  study  investigators  speculated  that  this  scheduling  slip  might 
cause  shifted  Original  Comparisons  and  replacement  Comparisons  to  self-select 
differently  from  Original  Comparisons.  Statistical  analyses  in  Chapter  V  of 
the  Baseline  Report  and  further  unpublished  analyses  following  the  release  of 
the  Baseline  Report  investigated  the  effect  of  this  scheduling  problem. 


The  Baseline  Selection  Bias  Analyses 

Since  replacements  vere  not  health  matched  at  Baseline  to  their  corres¬ 
ponding  noncompliant  Comparisons  and  since  differential  scheduling  opportu¬ 
nity  may  have  created  self-selection  biases,  statistical  contrasts  of  the 
various  Comparison  groups  vere  done  at  Baseline.  In  particular,  the  Compari¬ 
sons  labeled  0,  S,  R,  and  A  were  contrasted  on  the  basis  of  self-perception 
of  health,  medication  use,  work  loss,  and  five  clinical  variables. 
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The  results  of  these  analyses  suggested  to  some  investigators  that 
shifted  Original  Comparisons  vere  not  statistically  distinguishable  from 
Original  Comparisons  and  that  shifted  Original  Comparisons  vere  not  statis¬ 
tically  different  from  replacements,  but  that  replacement  Comparisons  ap¬ 
peared  to  be  statistically  different  from  Original  Comparisons.  The  30  Air 
Force-interviewed  replacement  Comparisons  vere  not  statistically  distinguish¬ 
able  from  other  replacement  Comparisons  and  vere  not  investigated  further  as 
a  group.  Since  opinions  differed  among  Air  Force  principal  investigators  and 
statisticians,  a  management  decision  vas  reached  to  use  only  the  Original 
Comparisons  in  the  primary  analyses  and  to  contrast  Ranch  Hands  vith  all 
Comparisons  in  the  appendix  of  the  Baseline  Report.  The  reader  is  referred 
to  Chapter  V  of  the  Baseline  Report  for  additional  detail.  In  retrospect, 
the  concern  vith  statistical  distinguishahility  between  replacement  Compari¬ 
sons  and  Original  Comparisons  is  difficult  to  justify,  since  the  only  valid 
question  regarding  the  replacements  is  their  similarity  to  the  refusals  vhcm 
they  replaced. 


The  Baseline  Compliance  Bias  Analyses 

Telephone  questionnaire  data  obtained  from  the  57  noncompliant  Compari¬ 
sons,  vho  ye re  replaced,  vere  not  analyzed  in  the  Baseline  Report.  Instead, 
compliance  bias  vas  analyzed  by  contrasting  partially  compliant  vith  fully 
compliant  participants,  vitn  adjustment  for  jjroup  (Ranch  Hands,  0,  S,  R,  A). 
These  analyses  vere  based  on  data  from  the  Baseline  questionnaire  regarding 
self-perception  of  health,  medication  use,  work  loss,  anger,  anxiety,  ero¬ 
sion.  depression,  liver  ailments,  miscarriages,  and  acne.  Results  suggested 
that  partially  compliant  participants  vere  statistically  different  from  fully 
compliant  participants  for  some  of  these  variables.  Based  on  these  results, 
calculations  vere  presented  to  suggest  that  the  noncompliance  bias  could 
produce  an  error  in  relative  risk  of  25  percent,  either  overestimating  or 
underestimating  the  risk,  and  a  spurious  mean  shift  of  up  to  8  percent  in 
either  direction. 


THE  FIRST  FOLLOWUP  SCHEDULING  AND  REPLACEMENT  OPERATION 

Hatching  of  replacements  to  noncompliant  Comparisons  on  the  basis  of 
health  status  vas  initiated  vith  the  first  follovup  scheduling  operation. 

This  vas  accomplished  by  administering  a  short  telephone  questionnaire  to  all 
previously  uncontacted  Comparisons  and  then  using  their  health  status  re¬ 
sponses  to  select  from  among  the  Comparisons  in  a  matched  set  the  f^rst  one 
who  vas  similar  to  the  refusal  regarding  self-perception  of  health.  In  addi¬ 
tion,  MORC  was  required  to  schedule  replacements  within  5  working  days  of  a 
confirmed  refusal.  These  features  vere  intended  to  correct  the  described 
Baseline  scheduling  deficiencies  and  to  bring  the  study  into  Protocol 
compliance  regarding  health  matching  of  replacements. 

To  further  minimize  the  possibility  of  scheduling  bias,  the  entire  study 
population  vas  partitioned  into  79  groups;  these  groups  vere  then  randomly 
scheduled  for  an  examination  time.  In  this  vay,  no  single  group  vould  be 
favored  a  priori  for  a  certain  scheduling  period.  The  groupings,  consisting 
of  approximately  32  participants,  corresponded  to  the  examination  groups 
established  at  Baseline.  Group  integrity  vas  maintained  to  enhance  study 
compliance  and  comradery.  Study  participants  vere  given  the  option  to  remain 
with  their  group  or  to  reschedule  their  examination  at  a  time  more  convenient 
to  them. 
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FIRST  FOLLOWUP  COMPLIANCE 


Eighty  five  percent  (1,016/1,191)  of  the  Ranch  Hands  and  81  percent 
(955/1,176)  of  the  Original  Comparisons  participated  in  the  first  follovup 
examine tiov  and  questionnaire  process.  Of  288  replacements,  267,  or  93  per¬ 
cent,  cnose  to  attend  the  first  follovup  examination;  additionally,  71  new 
replacements  participated  in  the  follovup,  yielding  a  total  sample  size  of 
338  replacements  at  follovup.  These  counts  and  others  are  summarized  in 
Table  5-1.  In  Table  5-1  and  subsequently  in  this  report,  the  shifted  Origi¬ 
nal  Comparisons  vere  combined  vith  the  Original  Comparisons,  and  the  Air 
Force  replacements  vers  combined  vith  the  replacement  Comparisons. 


TABLE  5-1. 

Baseline  Versus  First  Follovup  Sample  Sizes 
_  _ Group _ 


Comparison 


Participation 

Ranch  Hand 

Original 

Replacement 

Baseline  Only 

74 

64 

21 

Baseline  and  Follovup 

971 

872 

267 

Follovup  Only 

45 

83 

71 

Although  fully  compliant  at  Baseline,  74  Ranch  Hands,  64  Original  Com¬ 
parisons,  and  21  replacement  Comparisons  chose  not  to  participate  in  the 
first  follovup  examination.  In  the  interim,  1C  of  the  74  Ranch  Hands  and 
16  of  the  85  Comparisons  died.  An  additional  5  of  the  74  Ranch  Hands  and 
14  of  the  85  Comparisons  vere  unlocatable  during  the  scheduling  operation. 
There  vere  56  of  59  remaining  Ranch  Hands  and  50  of  55  remaining  Comparisons 
vho  refused  to  participate  in  the  first  follovup,  although  they  vere  alive 
and  locatable  during  scheduling,  and  responded  to  the  noncompliance  telephone 
questionnaire,  giving  their  reported  health  status  and  reason  for  nonpartici¬ 
pation.  The  3  remaining  Ranch  Hands  and  5  Comparisons  refused  to  participate 
in  the  telephone  survey.  Reasons  for  nonparticipation  given  in  the  telephone 
survey  are  summarized  in  Table  5-2.  The  totals  in  Table  5-2  do  not 
correspond  to  Table  5-1  because  some  participants  gave  more  than  one  reason 
for  nonparticipation. 

Of  the  56  living  locatable  Ranch  Hands  and  the  50  Comparisons  vho  took 
the  ncncompliance  telephone  questionnaire,  only  35  Ranch  Bands  and  42 
Comparisons  responded  to  the  question  regarding  health  status.  The  reported 
health  status  of  these  77  nonparticipants  is  summarized  in  Table  5-3. 
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TABLE  5-2. 


R«uore  for  Nonpar tlclpe tics  in  tha  first  Followup 
of  56  Ranch  Bands  and  50  Comparisons  Who  Vera  fully 
Compliant  at  Baseline* 


Group 


Ranch  Band  Comparison 


Reason 

Number 

Percent 

Number 

Percent 

Fear  of  Physical 

0 

0 

2 

4 

Job  Conmitment 

13 

17 

9 

16 

Dissatisfaction  with  USAF 

10 

13 

9 

16 

No  Time  or  Interest 

7 

9 

*  6 

11 

Travel  Distance,  Family 

13 

17 

12 

21 

Confidentiality 

0 

0 

1 

2 

Health  Reasons 

3 

11 

3 

5 

Passive  Refusal 

11 

15 

6 

11 

Dissatisfaction  vith 

5 

7 

2 

4 

Baseline 

Financial  Hardship 

3 

4 

0 

0 

Other 

5 

7 

7 

12 

Total 

75 

57 

*Some  participants  gave  more  than  one  reason  for  nonparticipation. 


TABLE  5-3. 

Reported  Health  Status  of  35  Ranch  Hands  and 
12  Comparisons  Mly  Compliant  at  Baseline  and 
Noncoapllant  at  First  Followup 


_ _ Group _ 

R*;>cr^o  Heal  th  Ranch  Hand _  Coaparison _ 

Status  Number  Percent  Number  Percent 


Excellent 

5 

14 

10 

24 

Good 

22 

03 

22 

52 

Fair 

6 

17 

8 

19 

Poor 

2 

6 

2 

5 

Total  35  42 


p-0.72 


Among  the  individuals  responding  to  the  health  status  question*  there  vas  no 
statistically  significant  difference  between  noncoapliant  Ranch  Bands  and 
Comparisons  regarding  reported  health  (p-0.72). 

Further  detail  regarding  the  45  Ranch  Hands*  83  Originals*  and 
71  replacements  newly  examined  at  followup  is  shown  in  Table  5-4*  which  gives 
the  Baseline  status  of  these  participants.  Taking  the  questionnaire  but  not 
the  physical  examination  at  Baseline  were  39  of  the  45  Ranch  Banda  newly 
examined  at  followup.  Five  of  the  45  Ranch  Bands  who  were  identified  too 
late  to  be  invited  at  Baseline  were  simply  described  as  having  had  "no 
action"  taken. 


TABLE  5-4. 

Baseline  Status  of  Newly  Examined  Participants 

_ Group _ 

_ Comparisons _ 

Baseline  Status  Ranch  Band  Original  Replacement 


Interview  Only, 
P.efuaed  Physical 
Examination 

39 

61 

32 

No  Interview* 

No  Physical 
Examination 

0 

10 

11 

Unlocatable 

0 

1 

3 

No  Action 

5 

11 

16 

Proxy 

1 

0 

0 

Nev  to  Study 

0 

0 

9 

Total 

45 

83 

71 

Of  the  71  newly  exaadned  replacements*  43  (32+11)  were  either  partially 
compliant  at  Baseline  or  were  at  least  contacted  at  Baseline  and*  therefore* 
identified  as  replacements,  although  not  health  matched  to  a  noncoapliant 
Comparison.  The  remaining  28  newly  examined  replacements  were  rot  previously 
contacted.  Of  these*  14  vere  health-matched  replacements  and  2  vere  replace¬ 
ments  added  to  the  study  in  August  1985  after  completion  o'i  the  Baseline 
physical  examination.  Thus*  of  the  71  replacements  vho  took  the  physical 
examination  for  the  first  time  at  followup,  only  14  vere  new  health-matched 
replacements.  All  71  replaceaents  may  be  regarded  as  new  to  the  study*  even 
though  43  had  been  previously  contacted  at  Baseline  and  knew  that  they  vere 
potential  study  participants.  The  28  replacements  vho  had  not  been 
previously  contacted  may  be  regarded  as  nev  in  a  more  restrictive  sense  since 
they  did  not  knov  of  their  potential  involvement  in  this  study  before  they 
vere  recruited  for  the  first  follovup  examination.  This  set  of  71  replace¬ 
ment  Comparisons  and  the  subset  of  28  are  distinguished  from  each  other  using 
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the  unrestricted  and  restricted  definitions  of  "nev"  to  provide  date 
regarding  changes  replaceeent  self-selection,  an  issue  explored  later  in 
this  chapter. 


FACTORS  KUO TO  OR  SUSPECTED  TO  INFLUENCE  STUDY  PARTICIPATION 

A  multitude  of  factors  aay  be  considered  to  influence  self-selection. 
These  aay  be  broadly  classified  as  health,  logistic,  operational,  publicity, 
or  demographic  factors.  The  Baseline  Report  contains  a  list  of  specific 
factors  vithin  each  of  these  categories.  For  example,  health  factors  are 
thought  to  include  self-perception  of  health  as  veil  as  demonstrable  health 
indicators,  such  as  medication  use  and  vork  days  lost  due  to  illness  or 
injury.  Logistic  factors  are  thought  to  include  distance  to  the  examination 
site,  reluctance  to  spend  tine  avay  from  family  or  job,  income,  and 
occupation.  Demographic  factors  might  include  flying  status,  age,  race,  or 
military  duty  status  (active,  retired,  separated).  Operational  factors 
include  any  aspect  of  study  operation  that  may  cause  differential  compliance, 
such  as  differential  treatment  of  participants  during  scheduling,  physical 
examination,  interviev,  or  debriefing.  Publicity  factors  have  to  do  with 
national  attitudes  and  media  presentations  regarding  the  Agent  Orange  issue, 
the  Vietnam  var „  veteran  health  care,  or  health  care  in  general.  Addition¬ 
ally,  these  considerations  may  affect  people  differently  and,  in  particular, 
aay  influence  Ranch  Hands  differently  than  Comparisons. 

The  decision  to  volunteer  for  this  study  is  admittedly  complex,  making 
statistical  assessment  of  compliance  bias  difficult  and  necessarily  crude  in 
that  many  of  the  factors  contributing  to  self-selection  cannot  be  measured 
directly.  Instead,  compliance  bias  vas  investigated  at  first  follovup,  as  in 
the  Baseline  Report.  Specifically,  it  vas  investigated  vith  respect  to  self¬ 
perception  of  health,  medication  use,  daily  aspirin  use,  vork  days  lost  due 
to  illness  or  injury,  and  income  in  comparing  partially  compliant  vith  fully 
compliant  participants.  In  other  selection  bias  assessments,  such  as  statis¬ 
tical  contrasts  of  Original  and  shifted  Original  Comparisons,  these  same 
factors  and  26  variables  taken  from  the  physical  examination  and  psychometric 
testing  vere  analyzed. 


THB  TELEPHOTO  SURVEY 

In  April  1985,  all  previously  uncontacted  living  Comparisons  vere 
identified  for  telephone  contact  to  assess  their  current  health.  This  health 
status  information  vas  necessary  for  the  matching  of  replacements  to  noncom- 
pliant  Comparisons.  From  a  total  of  9,982  available  Comparisons,  7,963  vere 
included  in  the  telephone  survey.  The  2,019  nonselected  Comparisons  included 
488  deceased,  as  of  1  August  1985,  and  1,531  vho  had  been  previously  con¬ 
tacted.  The  group  of  1,531  previously  contacted  Comparisons  comprised  all 
Comparisons  vho  vere  fully  compliant,  partially  compliant,  or  noncompllant  at 
Baseline. 

The  survey  questionnaire  is-shovn  in  Appendix  D.  In  brief,  it  queried 
the  respondent  regarding  self-perception  of  health  (excellent,  good,  fair, 
poor),  current  prescribed  medication  use  (yes,  no),  vork  days  lost  due  to 
illness  or  injury,  special  health  care  needs  (vheelchair,  nurse,  or  other 
special  equipment),  and  income  (less  than  $20,000,  $20,000  to  $40,000,  or 
more  than  $40,000).  If  the  respondent  indicated  that  he  vas  taking 
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prescribed  medication,  he  vas  asked  to  identify  the  illness  for  vhich  the 
abdication  vas  prescribed.  If  work  days  vere  lost  due  to  illness  or  Injury, 
the  respondent  vas  asked  to  identify  the  causing  illness  or  injury.  If 
special  health  care  or  equipment  vas  needed,  he  vas  asked  to  specify  the 
illness  or  condition  requiring  the  special  care.  He  vas  further  asked  to 
distinguish  conditions  requiring  special  care  from  those  that  vera  previously 
identified  in  response  to  the  medication  and  days  lost  from  vork  questions. 
The  telephone  interviev  vas  accomplished  via  CATI. 

Of  the  7,963  cases  fielded,  7,411  telephone  surveys  vere  actually 
completed  The  nature  of  the  552  noncompletions  is  summarized  in  Table  5-5. 


TABLE  5-5. 

Summary  of  Reasons  for  Noncompleted  Telephone  Intervievs 


Reason  Number  Percent  of  7,963 


Deceased 

26 

0.3 

Active  Refusal 

93 

1.2 

Passive  Refusal 

242 

3.0 

Unlocatable 

190 

2.4 

Ineligible 

1 

0.0 

Total 

552 

6.9 

Several  questionnaires  that  could  not  be  administered  by  telephone  vere 
accomplished  by  mail;  these  numbered  540  out  of  the  7,411  completed.  Sum¬ 
maries  of  the  responses  to  each  of  the  five  questions  are  shovn  in  Table  5-6. 

Of  the  1,271  respondents  vho  reported  that  they  had  lost  vork  days  due 
to  illness  or  injury,  550  (43X)  lost  1  to  5  days,  197  (15%)  lost  betveen 
6  and  10  days,  and  524  (41X)  lost  more  than  10  days.  The  maximum  number  of 
days  reported  lost  vas  965.  The  56  respondents  vho  reported  more  than 
180  days  lost  misinterpreted  the  question;  it  referred  only  to  the  past 
6  months. 

The  telephone  interviever  reported  vhether  the  respondent  vas  friendly, 
cooperative  but  not  interested,  impatient,  or  hostile.  The  association 
betveen  the  interviever' s  remark  and  the  self-reported  health  of  the 
respondent  vas  investigated.  The  results  are  displayed  in  Table  5-7.  The 
association  betveen  the  interviever' s  remark  and  reported  health  status  is 
statistically  significant  (p-0.02),  vith  hostile  repondents  reporting  poorer 
health  than  friendly,  cooperative,  or  impatient  respondents. 

Other  analyses  of  these  data,  not  shovn  here,  demonstrated  significant 
associations  betveen  health  perception  and  income  (p-0.001),  rank  (p-0.001), 
age  (p-0.001),  medication  use  (p-0.001),  am'  need  for  special  health  care 
(p-0.001).  Positive  health  perception  increased  vith  income  and  rank  and 
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TABLE  5-6 


Sn—ry  of  Results  to  the  Telephone  Questionnsire 


Self-Assessnent  of  Health  Conpared  to  Others  Sage  Age 
Response  Nueber  Percent 


Excellent 

2,882 

38.89 

Good 

3,306 

44.61 

Fair 

972 

13.11 

Poor 

245 

3.31 

Do  Not  Rnov 

3 

0.04 

Missing 

3 

0.04 

Total 

7,411 

100  TO 

* 

Taking  Medication  for  Current  Illness 

Response 

Nueber 

Percent 

Tes 

2,129 

28.73 

No 

5,277 

71.20 

Refused 

1 

0.01 

Missing 

4 

0.05 

Total 

7,411 

100.00 

Illness  or  Injury  Absence  From  Job  During 

Last  6  Months 

Response 

Nueber 

Percent 

Yes 

1,271 

17.15 

No 

6,135 

82.78 

Refused 

3 

0.04 

Missing 

2 

0.03 

Total 

7,411 

100.00 
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TABLE  3-6.  (continued) 

Summery  of  Results  to  the  Telephone  Questionnaire 


Need  Assistance  in  Daily  Activities 


Response 

Nuaber 

Percent 

Tes 

114 

1.54 

No 

7,291 

98.38 

Refused 

4 

0.05 

Missing 

2 

0.03 

Total 

7,411 

100. OC 

Earned  Income  From  Any  Job  During  1984 

e 

Response 

Nuaber 

Percent 

Yes 

6,636 

89.54 

No 

755 

10.19 

Refused 

17 

0.23 

Missing 

3 

0.04 

Total 

7,411 

100.00 

Incoae  Level 

Response 

Number 

Percent 

Less  than  $20,000 

2,015 

27.19 

$20 , 000-$40 , 000 

3,034 

40.94 

More  than  $40,000 

1,411 

19.04 

Not  Applicable 

774 

10.44 

Refused 

161 

2.17 

Do  Not  Knov 

9 

0.12 

Hissing 

7 

0.10 

Total 

7,411 

100.00 
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TABLE  5-7. 


Contrast  of  Interviewer' s  Raaark  froa  Talaphona  Interviews 
and  Raportad  Haalth  Status 


Reported  Health  Status 


Remark 

Excellent 

Good 

Fair 

Poor 

Total 

Number 

Per¬ 

cent 

Number 

Per¬ 

cent 

Number 

Per¬ 

cent 

Number 

Per¬ 

cent 

Number 

Per¬ 

cent 

Friendly 

2,209 

39 

2,476 

44 

730 

13 

191 

3 

5,606 

76 

Cooperative 

622 

38 

755 

46 

229 

14 

44 

3 

1,650 

22 

Impatient 

42 

40 

48 

45 

10 

9 

6 

6 

106 

1 

Hostile 

9 

21 

27 

63 

3 

7 

4 

9 

43 

0 

Total 

2,882 

39 

3,306 

45 

972 

13 

245 

3 

7,405 

p*0 . 02 


decreased  vith  age,  medication  use,  and  special  haalth  care.  Further,  there 
was  no  significant  association  between  haalth  perception  and  the  duration  of 
the  telephone  interview  (p-0.17)  or  the  time  of  day  of  the  interview 
(p-0.98) .  Thera  was  no  significant  health-by-duration-by-time  of  day  inter¬ 
action  (p«0.77). 

These  data  were  also  used  to  assess  the  self-reported  health  of 
773  Original  Comparisons  (excluding  shifted  Original  Comparisons)  fully 
compliant  at  Baseline  relative  to  the  reported  health  of  the  7,411  previously 
uncontacted  Comparisons  who  completed  the  telephone  survey.  The  self- 
reported  health  status  of  the  Original  Comparisons  from  the  Baseline  ques¬ 
tionnaire  was  contrasted  vith  that  of  the  previously  uncontacted  Comparisons 
on  a  three-category  scale  (excellent,  good,  fair/poor)  vith  an  adjustment  for 
date  of  birth  (born  during  or  before  1942,  born  after  1942).  The  results  are 
displayed  in  Table  5-8.  Previously  uncontacted  Comparisons  vho  completed  the 
survey  are  indicated  by  T  (telephone);  Original  Comparisons  are  labeled  0. 
Data  are  missing  for  12  Original  Comparisons  and  16  telephone-surveyed 
Comparisons. 

There  vas  no  statistically  significant  difference  between  these  groups 
regarding  health  perception  after  adjustment  for  age  (p»0.14),  and  this 
equivalence  did  not  change  vith  age  (p«0.80).  Additionally,  there  vas  a 
statistically  significant  age  effect  (p-0.001),  as  expected.  These  results 
suggested  that  the  Original  Comparisons  were  representative  of  the  entire 
Comparison  cohort  vith  respect  to  health  p*  rception. 
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TABLE  5-8 


Self-Reported  Health  of  Previously  Unconnected  Comparison*, 
In  1986 r  Versus  Self-Reported  Health  Status  of 
Original  Comparisons  at  Baseline 


. _ Health  Perception _ 

Excellent _ Good  Pair/Poor 


Age 

Group*  Number 

Percent 

Number  Parcent 

Number 

Percent 

Total 

Born  >1942 

T 

1,847 

39 

2,003 

43 

837 

18 

4,687 

0 

203 

39 

239 

46 

83 

16 

525 

Born  <1942 

T 

1,034 

38 

1,298 

48 

376 

14 

2,708 

0 

91 

39 

120 

51 

25 

11 

236 

*T  »  previously  uncontacted  Coaparisons 
0  -  Original  Coaparisons. 


REPLACEMENT  COMPARISONS  VERSUS  THE  NOHCOMPLIANT  COMPARISONS  THEY  REPLACED 


Baseline  Baplaceaent 

These  analyses  are  refineaents  of  the  analyses  in  Chapter  V  of  the 
Baseline  Report.  Of  288  Coaparisons  replaced  at  Baseline,  only  57  responded 
to  the  short  noncoapliance  telephone  questionnaire  shovn  in  the  appendix. 
These  57  comprised  38  Original  Coaparisons  and  19  replaceaents.  As  in  the 
follovup  telephone  survey,  the  short  noncoapliance  telephone  questionnaire 
queried  respondents  on  health  status,  vork  days  lost  due  to  illness,  medica- 
t  on  use,  and  incoae  level.  In  accordance  vith  the  Protocol,  replaceaents 
vere  statistically  contrasted  vith  the  nonconpliant  Coaparisons  they  replaced 
based  on  their  reported  health  status  (excellent,  good,  fair,  poor),  aedica- 
tion  use  (yes,  no),  and  incoae  level  (less  than  $20,000,  $20,000  to  $40,000, 
more  than  $40,000).  This  contrast,  vith  adjustaent  for  group  cembership 
(Original,  replaceaent)  of  the  noncoapliant  Comparison,  is  shovn  in 
Table  5-9. 

There  vas  no  significant  difference  betveen  the  reported  health  patterns 
in  the  upper  and  lover  panels  of  Table  5-9.  When  these  tvo  tables  vere 
merged,  no  statistically  significant  difference  vas  found  betveen  the  health 
status  of  noncoapliant  Coaparisons  and  their  non-health-matched  replacements 
(p«0.99).  It  is  notevorthy  that  53  percent  of  Original  and  replacement  non- 
compliant  Coaparisons  vere  Batched,  by  chance,  perfectly  to  their  replace¬ 
ments  ->n  the  basis  of  reported  health  status.  Only  7  percent  (4/57)  vere 
mismatched  by  tvo  categories  and  one  replacement  vas  mismatched  by  three 
categories. 

These  same  groups  vere  contrasted  on  medication  use;  the  results  are 
shovn  in  Table  5-10. 
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TABLE  5-9 


Noncoopliant  Original  Comparisons  and  Raplacaaant 
Comparisons  Vsrrw  Thair  Baseline  Replacements* 
Kaportad  Baalth  Status  •?  R*s*Iine 


Group 

Haalth 

Status 

Haalth  Status  of  Raplacaaents 

Bxcallant  Good  Fair  Poor 

Total 

Noncoapliant 

Excellent 

13 

4 

2 

0 

19 

Original 

Good 

9 

7 

0 

0 

16 

Comparison 

Fair 

1 

1 

0 

0 

2 

Poor 

1 

0 

0 

0 

1 

Total 

24 

12 

2 

0 

38 

Noncoupliant 

Bxcallant 

7 

5 

0 

0 

12 

Raplacaaant 

Good 

3 

3 

0 

0 

6 

Fair 

1 

0 

0 

0 

1 

Poor 

0 

0 

0 

0 

0 

Total 

11 

8 

0 

19 

TABLE  5-10. 

Noncoapliant  Original  Comparisons  and  Raplacaaant 
Comparisons  Versus  Their  Baseline  Replacement** 
Medication  Use  at  Baseline 

Medication  Use 
of  Raplacaaents 

Medication 

Group  Use  Yes  No 

Total 

Noncoapliant  Original 

Yes 

0 

4 

4 

Coaparison 

No 

3 

31 

34 

Total 

3 

35 

38 

Noncoapliant  Replacecent 

Yes 

0 

1 

1 

No 

1 

17 

18 

Total 

1 

18 

19 
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Due  to  sparseness  those  data  ware  not  analyzed.  It  is  interesting  to  note, 
hovever,  that  there  vas  82  percent  agreement  in  the  upper  panel  of  Table  5-9 
(31/38)  and  89  percent  in  tho  lover  panel  (17/19),  with  84  percent  agreement 
in  the  coabined  table  (48/57),  close  to  expected  vithin  group  percentages  of 
33  and  90  percent,  respectively,  due  purely  to  chance. 

Work  loss  vas  not  analyzed  due  to  slight  differences  betveen  the  vay  the 
vork  loss  question  vas  vorded  in  the  noncompliance  telephone  and  telephone 
survey  questionnaires. 

The  contrast  regarding  incone  level  is  shovn  in  Table  5-11. 


TABLE  5-11. 

Noncoapliant  Original  Comparisons  and  Replacement 
Comparisons  Versus  Their  Baseline  Replacements: 
Income  at  Baseline 


Incoae  Level  of  Replacements 
_ (in  thousands) _ 

Income 

Group  Level  <$20  $20-$40  >$40  Total 


Noncoapliant 

<$20 

1 

3 

0 

4 

Original  Comparison 

$20-$40 

6 

6 

3 

15 

>$40 

0 

7 

6 

13 

Total 

7 

16 

9 

32* 

Noncoapliant 

<$20 

0 

0 

2 

2 

Replacement 

$20-$40 

1 

7 

0 

8 

>$40 

1 

3 

5 

9 

Total 

2 

10 

7 

19 

*Six  noncoapliant  Original  Cc  arisons  vere  unvilling  to  respond. 


The  patterns  of  income  Hatching  in  the  first  and  second  panels  of  5-11 

vere  not  significantly  different  (p>0.10).  In  the  combined  table,  replace¬ 
ments  reported  significantly  lover  income  than  the  Comparisons  they  replaced 
(p<0.05)  although  49  percent  (25/51)  vere  perfectly  categorically  matched. 

These  analyses  suggested  that  the  Baseline  replacements  vere  very 
similar  to  the  noncoapliant  Comparisons  they  replaced  regarding  reported 
health  status,  medication  use,  and  income.  These  analyses  vere  also 
pertinent  to  the  question  of  vhether  there  vas  selection  bias  due  to 
noncompliance  in  the  Comparison  group.  The  predominantly  negative  findings 
suggested  that  there  vas  little  or  no  Comparison  selection  bias.  These 
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results  suggested  that  the  upper-bound  bias  calculations  reported  in 
Chapter  V  of  the  Baseline  Report  are  overestimates  of  reality.  However,  lack 
of  clinical  data  for  the  noncompliant  Comparisons  precluded  refining  those 
Baseline  bias  calculations  at  this  time.  Accordingly,  the  Baseline  selection 
i»l»  calculations  say  be  vleved  as  crude  bounds  to  an  unknown  bias  that  must 
avait  future  data  for  proper  recalculation. 


First  Followup  Replacement 

Replacements  were  matched  to  noncompliant  Comparisons  at  first  followup 
on  the  basis  of  the  matching  variables — date  of  birth,  racn,  and  occupation — 
and  self-reported  health  status  (excellent,  good,  fair,  poor),  as  recorded  in 
the  telephone  survey.  This  was  accomplished  by  recording  the  self-reported 
health  status  of  the  noncompliant  Comparison  during  the  attempt  to  schedule 
and  matching  that  status  against  those  of  the  other  Comparisons  in  the  same 
matched  set.  A  Comparison  in  a  matched  set  was  considered  to  replace  a  non- 
compliant  Comparison  if  he  had  the  same  health  status  as  that  recorded  for 
the  noncompliant  Comparison  during  the  attempt  to  schedule  him.  If  no 
willing  Comparison  reporting  the  same  health  status  could  be  found  in  the 
matched  set,  health  status  was  dichotomized  to  excellent  or  good  versus  fair 
or  poor.  A  willing  Comparison  with  the  sane  health  status  as  the  refusal  on 
the  dichotomized  scale  was  then  accepted  as  a  replacement.  If  no  willing 
Comparison  could  be  found  using  the  dichotomized  scale,  attempts  to  find  a 
replacement  were  terminated. 

During  this  process,  14  Comparisons  were  health  matched  to  noncompliant 
Coapariscns.  The  results  are  summarized  in  Table  5-12. 


TABLE  5-12. 

Health  Status  of  Refusals  and  Their  Hatched  Replacements 


_ Refusal's  Health _ 

Replacement's 

Health  Excellent  Good  Fair  Poor  Total 


Excellent 

1 

2 

0 

3 

Good 

5 

6 

0 

0 

11 

Fair 

0 

0 

0 

0 

0 

Poor 

0 

0 

0 

0 

0 

Total 

6 

8 

0 

0 

14 

All  refusals  reported  good  or  excellent  health.  This  implied  that  bias  due 
to  noncompliance  in  the  Comparison  group  could  possibly  bias  the  study  away 
from  finding  an  herbicide  effect.  The  inclusion  of  health-matched 
replacements  tended  to  correct  for  this  by  replacing  healthy  noncompliant 
Comparisons  vith  healthy  replacement  Comparisons.  The  relatively  small 
number  of  new  health-matched  replacements  minimized  the  actual  effect  of  this 
bias  "correction,"  however. 
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SCHEDULING  AT  FXkST  FOLLOW* 


The  schedulers  were  required  to  find  and  schedule  a  villing  health- 
natched  replacement  within  5  working  days  of  a  confirmed  refusal  to  correct 
scheduling  differences  experienced  at  Baseline.  This  constraint  proved 
impractical  to  implement  since  Comparisons  would  vacillate,  forcing  a  series 
of  repeated  telephone  calls.  Rather  than  terminate  the  process  at  5  days,  as 
required  by  the  contract,  the  schedulers  continued  their  recruiting  attempts, 
sometimes  for  several  months.  Hence,  new  health* -matched  replacements  were 
brought  into  the  study  much  later  than  other  participants. 

The  percent  completing  the  physical  examination  by  calendar  date  is 
plotted  in  Figure  5-1  for  all  Ranch  Hands,  Original  Comparisons,  and  all 
Comparisons. 

The  corresponding  plot  for  Ranch  Hands,  Original  Comparisons,  old 
replacements,  and  the  28  restricted  new  replacement  Comparisons  is  shown  in 
Figure  5-2. 

Additionally,  schedulers  experienced  reticence  and  vacillation  with 
othe  "  ■  ■"par i sons  being  scheduled  for  the  first  time.  In  particular,  as  a 
gro’ip,  cne  71  unrestricted  new  replacement  Comparisons  vere  also  scheduled 
later  than  other  participants.  Figure  5-3  shows  the  percent  of  Ranch  Hands, 
Original  Comparisons,  "old*  Comparisons,  and  the  71  unrestricted  newly 
examined  replacement  Comparisons  completing  the  physical  examination  by 
calendar  date. 

During  the  scheduling  for  the  1987  follovjp  examination,  schedulers  will 
attempt  to  schedule  health- matched  replacements  vithin  15  working  days  of  a 
refusal. 


NEW  REPLACEMENTS  VERSUS  OLD  REPLACEMENTS 

Another  statistical  issue  of  concern  is  the  homogeneity  of  the  replace¬ 
ment  Comparisons.  The  validity  of  the  study  might  be  compromised  if,  for 
example,  newly  admitted  replacements  had  self-selected  themselves  into  the 
study  differently  chan  previously  admitted  replacements.  This  kind  of 
difference  cay  occur  due  tc  changes  in  public  opinion  regarding  the  Agent 
Orange  issue,  the  national  political  climate,  changes  in  national  opinion 
regarding  health  care,  changes  in  the  location  of  the  examination  site,  or  a 
combination  of  these  and  other  factors.  This  issue  was  addressed  by 
comparing  new  with  old  replacements  on  a  variety  of  endpoints  with  adjustment 
for  the  matching  variables.  Blacks  were  deleted  from  the  analyses. 

Two  separate  series  of  analyses  were  performed,  one  for  each  ol  che  two 
kinds  of  new  replacements  (unrestricted  and  restricted)  defined  earlier. 
First,  unrestricted  new  replacements  were  identified  as  the  71  replacements 
who  vere  examined  for  the  first  time  at  first  followup,  regardless  of  their 
compliance  at  Baseline.  Second,  analyses  were  restricted  to  the  28  replace¬ 
ments  who  were  examined  for  the  first  time  and  who  had  never  been  contacted 
before  the  first  followup;  these  vere  called  restricted  new  Comparisons.  In 
each  of  the  two  series  of  nev  replacement  analyses,  all  replacements  not 
satisfying  the  definition  of  "new"  are  included  by  referri  lg  to  them  as  "old" 
replacements.  All  "old”  replacements  were  at  least  contacted  at  Baseline  and 
vereiully  compliant  at  first  followup. 
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Cumulative 
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Cumulativa 

Percent 


IOD  OH  All  Comparisons  o  o  o  Original  Comparisons  Ranch  Hands 


Figure  5-1. 

Percent  Completed  Physicei  Examination  by 
Calendar  Date  for  All  Comparisons 


1986  Data  at  Clinic.  1966 


»  »  *  Restricted  New  Replacement  Comparisons  e-e-e  Old  Replr  cements 
Original  Comparisons  a  a  a  Ranch  Hrnds 


Figure  5-2. 

Percent  Completed  Physical  by  Calendar  Date 
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IDO 


*  *  *  Unrestricted  New  Replacement  Comparisons  Old  Replacements 

»■  Original  Comparisons  a-a-a  Ranch  Hands 


Figure  B-3. 

Percent  Completed  Physical  Examination  by 
Calendar  Date  for  Unrestricted  New  and 
Old  Replacement  Comparisons 


It;  each  of  the  tvo  series  of  analyses ,  nev  and  old  replacement 
Comparisons  vere  contrasted  on  health  perception  (excellent,  good,  fair,  or 
poor),  medication  use  (yes,  no),  vork  loss  (yes,  no),  and  daily  use  of 
aspirin  (yes,  no).  Blacks  vere  deleted  from  all  analyses.  Nev  and  old 
replacements  vere  then  contrasted  on  20  ci*.  leal  determinations  from  the 
first  followup  examination.  Table  5-13  shovs  tvo  cross-classifications  of 
313  nonblack  replacements,  from  a  total  of  338  replacements  fully  compliant 
at  first  followup,  by  group  (old,  nev)  and  reported  health  status. 

In  the  unrestricted  sense,  the  reported  health  st  itus  of  nev  and  old 
replacements  differed  significantly  (p»0.04),  vith  nev  replacements  reporting 
more  fair  or  poor  health  than  old  replacements.  In  the  restricted  sense,  the 
difference  betveen  nev  and  old  replacements  vas  statistically  significant 
(p-0.001),  vith  nev  replacements  tending  to  declare  themselves  of  fair  or 
poor  health  core  often  than  old  replacements. 
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The  same  groups  were  contrasted  on  medication  use;  the  results  are  shovn 
in  Table  5-14.  The  difference  between  old  and  new  Comparisons  under  the 
unrestricted  definition  vas  not  statistically  significant  (p-0.16)  as  regards 
medication  use.  The  difference  between  old  and  new  Comparisons  under  the 
restricted  definition  was,  however,  statistically  significant  (p-0.003) > 

This  difference  was  due  to  the  higher  reported  medication  use  of  the  26  non¬ 
black  new  replacements  not  previously  contacted. 

New  and  old  replacements  were  contrasted  on  work  loss  due  to  illness; 
the  results  are  shown  in  Table  5-15. 


TABLE  5-13. 

Reported  Health  Status  of  Nonblack  New  and  Old 
Replacements,  According  to  Two  Definitions  of  "New" 


Health 

Unrestricted 

Restricted 

Old 

New 

Old 

New 

Number 

Percent 

Number  Percent 

Number  Percent 

Number  Percent 

Excellent 

142 

56 

30 

49 

161  56 

11 

42 

Good 

91 

36 

20 

33 

103  36 

8 

31 

Fair/Poor 

19 

8 

11 

18 

23  8 

7 

27 

Total 

252 

• 

61 

287 

26 

p-0.04 

p-0.001 

TABLE  5-14. 

Reported  Medication  Use  of  Nonblack  New  and  Old 
Replacements,  According  to  Two  Definitions  of  "New” 


Unrestricted _ Restricted 

Old _ New  Old  New 


Medication 

Number 

Percent 

Number 

Percent 

Number 

Percent 

Number 

Percent 

Yes 

30 

12 

12 

20 

33 

11 

9 

35 

No 

222 

88  . 

49 

80 

254 

89 

17 

65 

Total 

252 

61 

287 

26 

p*0. 16 

p-0.003 
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TABLE  5-15. 


Reported  Uork  Loss  of  Nonblack  Nev  and  Old 
Replacements,  According  to  Tvo  Definitions  of  "Nev" 


Unrestricted  Restricted 


Old  Nev  _  Old  Nev 


Vork  Loss 

Number 

Percent 

Number 

Percent 

Number 

Percent 

Number  Percent 

as 

47 

19 

12 

20 

54 

19 

5  19 

No 

205 

81 

49 

80 

233 

81 

21  81 

Total 

252 

p-0.99 

61 

287 

p-0.99 

26 

The  difference  betveen  nev  and  old  replacements  regarding  vork  loss 
under  the  unrestricted  or  restricted  definition  vas  not  statistically 
significant  (p-0.99  and  p-0.99,  respectively). 

Results  of  a  similar  contrast  on  daily  aspirin  usage  are  shovn  in 
Table  5-16.  The  difference  betveen  nev  and  old  replacements  regarding  daily 
use  of  aspirin  under  the  unrestricted  or  the  restricted  definition  vas  not 
statistically  significant  (p-0.99  and  p«0.75»  respectively). 

It  is  notevorthy  that  the  differences  for  general  health  and  medication 
use  did  not  occur  for  work  loss  and  daily  aspirin  usage,  suggesting  that  some 
participants  may  have  over-reported  when  asked  less  specific  questions  about 
their  health. 

Nev  and  old  replacement  Comparisons  vere  also  compared  on  20  clinical 
and  psychometric  variables  measured  during  the  physical  examination  and 
psychological  testing.  These  20  variables  are  a  subset  from  26  selected  from 
among  an  entire  collection  of  nearly  200  endpoints  in  this  study  by  requiring 
near  statistical  independence  within  and  betveen  organ  systems.  Variables 
selection  vas  accomplished  by  screening  the  correlation  matrices  of  variables 
as  an  entire  set  and  separately  vithin  each  organ  system,  Including  examining 
partial  correlations  betveen  single  variables  and  linear  combinations  of 
othar  variables  vithin  organ  systems.  Identified  first  vere  10  variables 
with  pairwise  correlations  less  than  0.10  in  absolute  value.  This  vas  fol¬ 
lowed  by  identification  of  16  additional  variables  with  pairwise  correlations 
betveen  0.10  and  0.20  in  absolute  value,  making  a  total  of  26  variables. 

These  variable  selection  screens  vere  accomplished  on  Baseline  data  for  1,154 
nonblack  fully  compliant  Comparisons  subsequent  to  publication  of  the 
Baseline  Report.  The  complete  set  of  26  dependent  variables  selected  as 


TABLE  5-1.6. 


Reported  Deily  Aspirin  Usage  of  Nonblack  Nev  and  Old 
Replacements,  According  to  Two  Definitions  of  "Nev" 


Unrestricted _ _ Restricted 


Aspirin  Usage 

Old 

Nev 

Old 

Nev 

Number  Percent 

Number  Percent 

Nt.mber  Percent 

Number  Percent 

Yes 

182  73 

44 

7i. 

206  72 

20  77 

No 

69  27 

17 

28 

80  28 

6  23 

Total 

251 

61 

286 

26 

p-0.99 

p-0.75 

nearly  statistically  independent  is  shovn  in  Table  5-17.  The  Baseline 
correlation  matrix  of  these  26  variables  as  determined  on  the  entire 
Comparison  data  set  i e  shovn  in  Table  1*— 1  of  Appendix  D.  It  is  recognized 
that  relative  statistical  Independence  of  these  variables  does  not  imply 
biological  independence  of  these  variabler. 

These  26  variables  vers  intended  to  serve  as  the  basis  for  statistical 
contrasts  of  Original  Comparisons,  shifted  Original  Comparisons,  and 
replacement  Comparisons  in  the  decision  regarding  the  inclusion  of  shifted 
Original  Comparisons  and  replacement  Comparisons  in  the  primary  analyses. 
Generically,  the  analyses  first  compared  tvo  groups  on  each  of  the 
26  variables  vith  adjustment  for  rank  (officer,  enlisted),  age  at  Baseline 
(40  or  under,  over  *0),  occupation  (officer  flyer,  officer  i.onflyxng, 
enlisted  flyer,  enlisted  groundcrev),  and  race  (Black,  nonblack).  Blacks 
vere  deleted  from  the  analysis.  The  total  number  of  significant  differences 
on  the  first  set  of  10  dependent  variables  vas  used  as  the  basis  for  a 
decision  regarding  group  difference.  These  10  analyses  v^re  assumed  to  be 
10  independent  repetitions  of  a  Bernoulli  trial  vith  probability  of  0.05  of 
success  under  the  null  hypothesis  that  there  vere  no  group  differences  for 
any  of  the  10  variables.  The  probability  of  observing  three  or  more 
successes  in  10  independent  repetitions  of  a  Bernoulli  trial,  vith 
probability  of  0.05  of  success,  is  0.012.  The  entire  set  of  26  analyses  vas 
then  assessed  to  test  the  hypothesis  of  group  equality.  The  probability  of 
4  or  more  successes  in  2$  Independent  repetitions  of  a  Bernoulli  trial,  vith 
probability  of  0.05  of  success,  is  0.039.  Thisse  2  critical  values,  both 
probabilities  below  0.05,  vere  used  to  assess  the  analyses  on  the  10  and  on 
the  26  selected  variables. 
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TABLE  5-17.  Twenty-Six  Dependent  Variables  Selected  as  Nearly 
Statistically  Independent  Vith  the  Use  of  Baseline  Data 


Variables  Having  Pairvise  Absolute  Correlations  Less  Than  0.10 

Total  Bilirubin  (TBILI) 

Diastolic  Blood  Pressure  (DBP) 

White  Blood  Cell  Count  (VBC) 

Skin  Index  (SKIN) 

MMPI  Depression  Scale  <HMPID) 

Blood  Urea  Nitrogen  (BUN) 

Urine  Specific  Gravity  (USG) 

Pulse  Index  (PULSE) 

Nerve  Conduction  Velocity  Above  the  Elbow  (NCVE) 

Senen  Count  (SEMEN) 


Variables  Having  Pairvise  Absolute  Correlations  Greater  Than  0.10 

and  Less  Than  0.20 

Red  Blood  Cell  Count  (RBC) 

FEV1/FVC  (PULM) 

Glucose  (GLUC) 

Electrocardiogram  (ECG) 

Platelet  Count  (PLAT) 

Pull  IQ  (IQ) 

Central  Nervous  System  Index  (CNS) 

Nerve  Conduction  Velocity  Above  the  Ankle  (NCVA) 
Cholesterol  (CH0L) 

Alkaline  Phosphatase  (ALKPH0S) 

Coproporphyrins  (C0PR0) 

Delta-Aminolevulinic  Acid  (ALA) 

Thyroid  T4  (T4) 

Testosterone  (TEST) 

Sedimentation  Rate  (SED) 

Gamma-Glutamyl  Transpeptidase  (GGTP) 
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The  statistical  issue  of  hov  to  account  for  the  many  interactions  in  the 
26  separate  analyses  vas  not  resolved  during  or  since  the  first  application 
of  this  method.  Only  the  group  main  effect  vas  regarded  as  the  basis  for 
determining  whether  a  particular  analysis  vas  a  success. 

At  first  followup,  onl.  20  of  the  26  variables  were  measured.  The  six 
variables  not  measured  were  the  tvo-nerve  conduction  velocities  (NCVE,  NCVA), 
semen  count  (SEMEN),  FEV1/FVC  (PULM),  full  IQ  (IQ),  and  delta-aminolevulinic 
acid  (ALA).  Nev  and  old  replacements  vere  contrasted  on  each  of  the 
remaining  20  variables  via  the  general  linear  model  and  log-linear  model. 

The  variables — skin  index  (SKIN),  pulse  index  (PULSE),  electrocardiogram 
(BCG),  and  central  nervous  system  index  (CNS) — vere  analyzed  as  dichotomous 
variables,  vith  each  being  scored  abnormal  if  any  of  its  components  vere 
abnormal.  All  others  vere  analyzed  as  continuous  variables.  The  correlation 
matrix  of  the  20  variables,  based  on  1,210  nonblack  Comparisons  fully 
compliant  at  first  followup,  on  first  follovup  data  is  shown  in  Table  D-2  of 
Appendix  D. 

The  results  of  these  analyses  contrasting  nev  versus  old  replacements 
vith  "nev"  following  the  unrestrictive  definition  and  Blacks  removed  from  the 
analyses  are  shovn  in  Table  5-18.  There  vere  61  nonblack  nev  replacements 
and  251  nonblack  old  replacements.  In  some  analyses,  the  dependent  variable 
vas  transformed  to  better  approximate  normality.  Unadjusted  means  are 
presented  when  there  is  a  significant  interaction  inyolving  group. 

The  probability  of  observing  2  or  more  successes  in  8  independent 
repetitions  of  a  Bernoulli  trial,  vith  probability  of  0.05  of  success,  is 
0.057.  In  view  of  the  results  for  the  first  8  dependent  variables  in 
Table  5-18,  nev  and  old  replacements  appeared  to  be  statistically  indis¬ 
tinguishable.  The  probability  of  observing  3  or  more  successes  in  20  indepen¬ 
dent  repetitions  of  a  Bo-noulli  trial,  vith  probability  0.05  of  success,  is 
0.075;  the  probability  of  4  or  more  is  0.016.  Recognizing  the  slight  corre¬ 
lations  betveen  the  dependent  variables  in  the  lover  panel  of  Table  5-18,  and 
the  results  of  the  analyses,  nev  and  old  replacements  again  appeared  to  be 
statistically  indistinguishable. 

The  same  analyses  vere  conducted  to  contrast  nev  and  old  replacement 
Comparisons,  vith  "nev"  defined  in  the  restrictive  sense.  The  results  are 
shovn  in  Table  5-19,  vith  the  same  notations  as  Table  5-18. 

The  same  binominal  critical  values,  2  for  the  first  panel  and  4  for  the 
entire  set  of  20  analyses,  and  the  results  shovn  in  Table  5-18  indicated  that 
there  vas  no  statistical  difference  betveen  the  26  nonblack  nev  replacements 
and  the  287  nonblack  old  replacements. 

The  negative  findings  shovn  in  Tables  5-18  and  5-19  suggested  very 
strongly  that  there  has  been  no  change  in  the  vay  replacements  self-select 
for  entry  into  this  study. 


ORIGINAL  COMPARISONS  VERSUS  SHIFTED  ORIGINAL  COMPARISONS 

The  removal  of  ineligible  Comparisons  early  in  the  Baseline  scheduling 
operation  resulted  in  the  exclusion  of  approximately  18  percent  of  all 
Comparisons  from  tne  study.  Since  some  of  these  ineligibles  had  been 
randomized  as  Original  Comparisons,  some  previously  randomized  Comparisons 
vere  allocated  to  the  positions  vacated  by  the  removed,  original  Comparisons 
and,  thus,  vere  referred  to  as  shifted  Original  Comparisons. 
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TABLE  5-18 


Summary  Results  of  Unrestricted  Nev  Versus  Old 
Nonblack  Replacesents  Contrasted  on  20  Variables 


Replaceaent  Group  Means* 

(Percent  Abnormal) 

Variable  Significant 


(Transformation) 

Old 

Nev 

p-Value 

Interactions 

Variables 

i  Vith  Absolute  Pairvise 

Correlations  Less  Than  0.10 

TBILI  (LOG) 

0.76 

0.76 

NS 

DBP  (SORT) 

79.17 

79.51 

NS 

VBC  (LOG) 

7.06 

7.13 

NS 

SKIN 

(54.0) 

(49.2) 

NS 

HMPID  (LOG) 

56.21 

57.19 

NS 

BUN  (SORT) 

14.15 

13.79 

NS 

USG 

1.014 

1.014 

NS 

PULSE 

(16.7) 

(11.5) 

GRF*OCC,  GRP* AGE 

Variables  Vith  Absolute 

i  Pairvise  Correlation  Between 

0.10  and  0.20 

RBC 

5.00 

5.00 

GRP*OCC*AGE 

GLUC  (LOG) 

109.31 

101.33 

NS 

ECG 

(15.5) 

(13.1) 

NS 

PLAT  (SORT) 

269.5 

275.0 

NS 

CNS 

(2.8) 

(5.0) 

NS 

CHOL  (SORT) 

212.7 

208.8 

NS 

ALKPHOS  (LOG) 

87.9 

87.10 

GRP*OCC 

COPRO  (SORT) 

116.9 

122.6 

0.03 

T4 

7.51 

7.94 

NS 

TEST  (SORT) 

601.4 

605.3 

NS 

SED  (LOG) 

4.17 

4.93 

GRP*OCC*AGS 

GGTP  (LOG) 

31.06 

29.77 

GRP* AGE 

♦All  means  are  expressed  in  original  units. 


NS: 

Not  significant  (p>0.05) 

LOG: 

Analysis  performed  on 

logarithmic  scale. 

SORT: 

Analysis  performed  on 

square  root  scale. 

GRP: 

Group 

OCC: 

Occupation 

AGE: 

Birth  year  (Age) 
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TABLE  5-19 


Summary  Results  of  Restricted  New  Versus  Old 
Nonblack  Replaceaents  Contrasted  on  20  Variables 


Replacenent  Group  Means* 

(Percent  Abnormal) 

Variable  ~  Significant 

(Transforeation)  Old  New  p-Value  Interactions 


Variables  Vith  Absolute  Pairwise  Correlations  Less  Than  0.10 


TBILI  (LOG) 

0.76 

0.75 

NS 

DBP  (SORT) 

79.44 

76.98 

NS 

VBC  (LOG) 

7.01 

7.91 

NS 

SKIN 

(52.3) 

(61.5) 

NS 

MMPID  (LOG) 

56.11 

59.73 

NS 

BUN  (SORT) 

14.02 

14.75 

NS 

USG 

1.014 

1.013 

NS 

PULSE 

(15.3) 

(19.2) 

NS 

Dependent  Variables  Vith  Absolute  Pairwise  Correlation  Between  0.10  and  0.20 


RBC 

5.01 

4.90 

NS 

GLUC  (LOG) 

108.8 

95.86 

G.007 

ECG 

(U.3) 

(23.1) 

GRP*AGE 

PLAT  (SORT) 

270.5 

271.56 

NS 

CNS 

(2.8) 

(7.7) 

NS 

CHOL  (SORT) 

212.5 

205.6 

NS 

ALKPHOS  (LOG) 

87.75 

87.72 

NS 

COPRO  (SORT) 

117.8 

120.5 

NS 

T4 

7.56 

8.00 

NS 

TEST  (SORT) 

601.2 

612.6 

NS 

SED  (LOG) 

4.15 

0.37 

0.03 

GGTP  (LOG) 

31.23 

2G.41 

NS 

*A11  means  are  expressed  in  original  units. 

NS:  Not  significant  (p>0.05). 

LOG:  Analysis  performed  on  logarithmic  scale. 
SORT:  Analysis  performed  on  square  root  scale. 


Fully  compliant  Original  and  shifted  Original  Comparisons  vere  compared 
in  the  Baseline  Report  vith  respect  to  reported  health  status,  medication 
use,  and  vork  loss.  Group  differences  for  health  status  vere  significant 
(p-0.001)  but  vere  not  so  for  medication  use  or  for  vork  loss;  the  shifted 
Original  Comparisons  tended  to  report  themselves  in  poorer  health  than  the 
Original  Comparisons  but  vere  statistically  equivalent  to  the  Originals 
regarding  medication  use  and  vork  loss. 

Fully  compliant  Original  and  shifted  Original  Comparisons  vere 
contrasted  at  first  followup  on  reported  health  status,  vork  loss,  medication 
use,  and  daily  use  of  aspirin.  As  in  the  Baseline  Report,  these  analyses 
vere  done  for  only  nonblack  Comparisons. 

The  results  of  the  contrast  of  Original  and  shifted  Original  Comparisons 
on  reported  health  status  are  shovn  in  Table  5-20.  Here,  health  status  is 
evaluated  on  a  three-category  scale  (excellent,  good,  fair/poor). 

The  group  difference  betveen  Original  and  shifted  Original  nonblack 
Comparisons  regarding  reported  health  status  vas  not  significant  (p»0.30). 

The  results  of  the  contrast  of  Original  versus  shifted  Original 
Comparisons  on  medication  use  are  shovn  in  Table  5-21.  The  group  difference 
betveen  Original  and  shifted  r -iginal  nonblack  Comparisons  regarding 
medication  use  vas  not  significant  (p-0.68). 

The  results  of  the  contrast  on  vork  loss  are  shovn  in  Tablo  5-22.  The 
group  difference  betveen  nonblack  Original  and  shifted  Original  Comparisons 
regarding  vork  loss  vas  not  significant  (p*0.82). 

The  results  or  the  contrast  on  daily  aspirin  usage  are  shovn  in  Table 
5-23.  The  group  difference  betveen  Original  and  shitted  Original  nonblack 
Comparisons  regarding  daily  aspirin  usage  ’Fas  not  significant  (p-0.98) . 

Fully  compliant  Original  and  shifted  Original  nonblack  Comparisons  vere 
also  contrasted  on  each  of  the  full  set  of  26  nearly  uncorrelated  variables 
shovn  in  Table  5-17  on  Baseline  data.  The  results  are  shovn  in  Table  5-24. 

Sedimentation  rate  (SED)  vas  analyzed  as  a  categorical  variable  vith 
values  low  (0-1),  medium  (2-3),  and  high  (3-4).  The  percents  of  Original 
Comparisons  vithin  these  categories  vere  35.8,  33.1,  and  31.1  percent, 
respectively;  the  shifted  Original  Comparison  percents  vere  30.8,  36.3,  and 
32.9,  respectively.  The  probability  of  observing  3  or  more  successes  in 
10  independent  repetitions  of  a  Bernoulli  trial,  vith  a  probability  of  0.05 
of  success,  is  0.0115.  The  probability  of  observing  2  or  more  is  0.0861. 
Based  on  these  critical  values  and  the  results  shovn  in  the  upper  panel  of 
Table  5-24,  there  appeared  to  be  no  statistical  difference  betveen  Original 
Comparisons  and  shifted  Original  Comparisons. 

The  probability  of  observing  4  or  more  successes  in  26  independent 
repetitions  of  a  Bernoulli  trial  is  0.039.  The  probability  of  observing  at 
most  2  successes  in  26  independent  repetitions  of  a  Bernoulli  trial,  vith 
probability  0.05  of  success,  is  0.86.  Based  on  these  critical  values  and  the 
knovn  slight  correlation  of  the  16  dependent  variables  in  the  second  panel  of 
Table  5-19,  these  results  suggested  that  Original  and  shifted  Original 
Comparisons  are  not  statistically  distinguishable. 
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TABLE  5-20. 


Reported  Health  Statue  of  Fully  Compliant  Original  and 
Shifted  Original  Nonblack  Coaparisonst 
First  Follovup 


Original  Comparison  Group 
Shifted 

Original  Original 

Reported 


Health 

Number 

Percent 

Number 

Percent 

Total 

p-Value 

Excellent 

387 

52 

76 

51 

463 

0.30 

Good 

307 

41 

68 

45 

375 

Fair/Poor 

53 

7 

6 

4 

59 

Total 

747 

150 

897 

TABLE  5-21. 

Medication  Use  of  Fully  Compliant  Original 
and  Shifted  Original  Nonblack  Comparisons: 
First  Follovup 


Original  Comparison  Group 


Shifted 

Original  Original 

Medication 


Use 

Number 

Percent 

Number 

Percent 

Total 

p-Value 

Tes 

107. 

14 

23 

15 

125 

0.68 

No 

645 

86 

127 

85 

772 

Total 

747 

150 

897 
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TABLE  5-22. 


Work  Loos  of  Fully  Compliant  Original 
and  Shi f tad  Original  Nohblack  Coaparisons: 
First  Follovup 


Original  Comparison  Group 
Shifted 

Original  Original 


Work  Loss 

Nuaber 

Percent 

Number 

Percent 

Total 

p-Value 

No 

631 

83 

116 

82 

747 

0.82 

Yes 

125 

17 

25 

18 

150 

Total 

756 

141 

897 

TABLE  5-23. 


Daily  Aspirin  Ose  of  Fully  Compliant  Original 
and  Shifted  Original  Nonblack  Coaparisons: 
First  Follovup 


Original  Comparison  Group 
Shifted 

Original _  Original 

Daily  Aspirin 

Use  Nuaber  Percent  Nuaber  Percent  Total  p-Value 


Yes 

529 

71 

107 

71 

636 

0.98 

No 

218 

29 

43 

29 

261 

Total 

747 

150 

897- 

5-28 


TABLE  5-24 


Suaaary  Results  of  Original  Versus  Shifted 
Original  Nonblack  Coaparisons  oh  26  Variables  at  Baseline 


Original  Coaparlson  Group 
Means*  (Percent  Abnormal) 

Variable  Shifted  Significant 

(Transfornation)  Original  Original  p-Value  Interactions 


Variables  With  Absolute  Pairvise  Correlations  Less  Than  0.10 


TBILI 

0.61 

0.61 

DBP 

80.46 

78.95 

NS 

VBC 

7.52 

7.18 

NS 

SKIN 

(37.5) 

(43.8) 

NS 

MMPID 

56.25 

58.40 

NS 

BUN 

14.26 

13.76 

NS 

USG 

1.0209 

1.0205 

NS 

PULSE 

(10.7) 

(8.9) 

NS 

NCVE 

56.26 

55.88 

NS 

SEMEN  ;WG) 

77.4 

72.8 

NS 

Variables 

Vith  Absolute 

Pairvise 

Correlation 

RBC 

5.20 

5.18 

NS 

PULM 

0.80  ‘ 

0.81 

NS 

GLUC  (LOG) 

97.4 

94.5 

NS 

ECG 

(27.6) 

(26.7) 

NS 

PLAT 

270.6 

269.9 

NS 

IQ 

108.6 

108.4 

NS 

CNS 

(23.7) 

(31.5) 

0.02 

NCVA 

48.17 

47.59 

0.01 

CHOL 

220.7 

213.1 

NS 

ALKPHOS 

7.84 

7.60 

NS 

COPRO  (LOG) 

31.1 

30.4 

NS 

ALA 

2,497.0  2 

,505.3 

NS 

T4 

8.42 

8.35 

NS 

TEST 

634.6 

634.3 

NS 

SED 

given  i" 

text 

NS 

GGTP  (LOG) 

38.43 

35.53 

NS 

Between 


GRP*0CC*AGE 


0.10  and  0.20 


*All  neans  are  expressed  in  origir.il  units. 


5-29 


Taken  together,  the  results  displayed  in  Table  5-24  very  strongly 
suggested  that  Original  and  shifted  Original  Comparisons  did  not  differ 
statistically  at  Baseline. 

These  analyses  were  repeated  on  the  20  available  variables  at  the  first 
followup.  The  results  are  shown  in  Table  5-25. 

The  results  in  the  first  and  second  panels  of  Table  5-25  and  the 
binomial  critical  values  given  above  suggested  that  no  statistical  difference 
was  present  between  the  Original  and  shifted  Original  Coaparisons. 

A  single  multivariate  linear  regression  analysis  was  done  on  the 
20  dependent  variables  shown  in  Table  5-25;  no  significant  interactions 
involving  group  (Original,  shifted  Original)  vere  noted  and  the  group  effect 
was  not  significant  (p>0.28).  Taken  together,  these  analyses  strongly 
suggested  that  there  was  also  no  statistical  difference  between  Original  and 
shifted  Original  Comparisons  at  first  followup. 


PARTIALLY  COMPLIANT  VERSOS  FOLLY  COMPLIANT  PARTICIPANTS 

Ideally,  compliance  bias  should  be  assessed  by  comparing  the  health  of 
noncompliant  and  fully  compliant  participants  with  adjustment  for  group 
(Ranch  Hand,  Comparison)  and  the  matching  variables.  The  only  information 
available  on  the  noncompliant  participants,  however,  is  their  responses  to 
the  health  status  questions,  if  they  were  willing  to  answer  them,  during  the 
telephone  conversation  in  which  they  refused  to  participate  in  the  study. 
Noncompliant  Comparisons  vere  contrasted  with  their  Baseline  replacements 
(see  noncompliance  telephone  questionnaire  data,  Tables  5-9  to  5-12).  In 
addition,  as  in  the  Baseline  Report,  selection  bias  vas  studied  by 
contrasting  partially  compliant  with  fully  compliant  participants  with 
adjustment  for  group  (Raich  Hand,  Comparison).  Takirg  the  Baseline 
questionnaire  at  followup  but  refusing  to  take  the  physical  examination  or 
follovup  questionnaire  vere  9  Ranch  Hands  and  30  Comparisons  vho  vere  either 
nonlocatable  or  noncompliant  at  Baseline.  These  39  men  vere  the  only 
partially  compliant  participants  at  first  follovup.  Their  Baseline 
compliance  is  summarized  in  Table  5-26. 

One  of  these  individuals,  a  Ranch  Hand  vith  no  interview,  no  physical, 
and  no  telephone  interview,  vas  Black.  The  label  "no  action"  Indicates  that 
these  individuals  vere  not  contacted  because  the  Baseline  contract  expired. 
Individuals  labeled  "new  Comparisons"  vere  added  to  the  study  after  the 
Baseline  examination  but  before  start  of  the  first  follovup. 

Data  from  these  39  partially  compliant  participants  vere  statistically 
compared  vith  similar  data  from  fully  compliant  participants  vith  adjustment 
for  group  (Ranch  Hand,  Comparison).  This  is  shown  in  Table  5-27.  Endpoints 
evaluated  vere  reported  health,  medication  use,  and  work  loss.  These 
analyses  are  similar  to  those  reported  in  Table  V-15  of  the  Baseline  Report. 
Reported  health  status  was  collapsed  to  tvo  categories  (excellent, 
good/fair/poor)  due  to  sparse  data.  One  Black  participant,  a  Ranch  Hand,  vas 
deleted  from  these  analyses. 

The  health  versus  compliance  association  in  these  data  vas  of  borderline 
statistical  significance  (p*0.08),  vith  partially  compliant  participants 
tending  to  report  themselves  in  batter  health  than  fully  compliant 
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TABLE  5-25 


Su— ary  Results  of  Original  Versus  Shifted  Original 
Nonblack  Comparisons  on  20  Variables: 

First  Follovup 


Original  Comparison  Group 
Means*  (Percent  Abnormal) 

Variable  Shifted  Significant 

(Transformation)  Original  Original  p-Value  Interactions 


Variables  With  Absolute  Pairvise  Correlations  Less  Than  0.10 


TBILI  (LOG) 

0.75 

0.73 

GRP*OCC*AGE 

DBP  (SORT) 

80.0 

79.60 

NS 

VBC  (LOG) 

6.88 

6.92 

GRP*AGE 

SKIN 

(49.7) 

(42.1) 

NS 

MMPID  (LOG) 

56.2 

55.1 

NS 

BUN  (SORT) 

14.8 

14.04 

NS 

USG 

1.015 

1.015 

NS 

PULSE 

(16.7) 

(16.4) 

NS 

Variables  With  Absolute  Pairvise  Correlation  Betveen  0.10  and  0.20 

RBC 

4.97 

4.95 

NS 

GLUC  (LOG) 

111.8 

111.6 

NS 

BCG 

(15.3) 

(11.9) 

NS 

PLAT  (SORT) 

263.2 

271.9 

NS 

* 

CNS 

(2.6) 

(2.3) 

NS 

CHOI.  (SORT) 

219.5 

214.1 

NS 

ALKPHOS  (LOG) 

89.76 

85.53 

NS 

COPRO  (SORT) 

115.4 

114.9 

NS 

T4 

7.58 

7.58 

NS 

TEST  (SORT) 

576.6 

559.0 

GRP*0CC,  GRP* AGE 

SED  (LOG) 

5.11 

4.91 

NS 

GGTP  (LOG) 

32.39 

29.77 

NS 

*A11  means  are  expressed  in  original  units. 
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TABUS  5-26 


Baseline  Compliance  Status  of  39  Partially 
Compliant  Participants t  First  Followup 


Group 


Baseline  Compliance 

Ranch  Band 

Comparison 

Ho  Interview,  No  Physical, 

No  Telephone  Interviev 

3 

23 

No  Interviev,  No  Physical, 
Telephone  Interviev 

2 

1 

Nev  Comparison 

0 

3 

N©  Action 

4 

3 

Total 

9 

30 

TASL1  5-27. 

Reported  Health  of  Partial,  Compliant 
Versus  Fully  Compliant  Rocblaci  Participants 


Croup 


Ranch  Hands  Comparisons 


Compliance  Status 

Reported  Health 

Number 

Percent 

Number 

Percent 

Total 

Full 

Bxcellent 

473 

‘3 

635 

57 

1,'08 

Good/Fair/Poor 

482 

46 

575 

54 

1,057 

Total 

955 

1,210 

2,165 

Partial 

Excellent 

5 

20 

20 

80 

25 

Good/Fair /Poor 

3 

23 

10 

77 

13 

Total 

8 

30 

38 
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participants;  66  parcant  of  partially  compliant  participants  reported 
excellent  haalth  vhila  only  51  parcant  of  fully  compliant  participants 
raportad  axcallant  haalth.  This  association  did  not  change  with  group 
(p-C.91). 

Tha  data  on  nadication  usa  and  coaplianca  status  daaonstratad  no 
association  (p*0.57),  and  this  aquivalanca  did  not  changa  vith  group 
(p-0.79).  These  data  ara  shove  in  Table  5-28. 

4s  shovn  in  Tabla  5-29,  tha  vork  loss-by-coaplianca  association  in  thasa 
data  vas  significant  (p-0.03),  vith  84  parcant  of  fully  coapliant  partici¬ 
pants  reporting  vork  loss  and  95  parcant  of  partially  coapliant  participants 
reporting  vork  loss. 

Thasa  data  ara  sparse  and  ara  not  considered  supportive  or  nonsupport ive 
of  tha  coaplianca  bias  calculations  presented  in  tha  Baseline  Report.  Tha 
conclusions  of  the  Baseline  Report  regarding  tha  potential  affects  of 
coaplianca  bias  should  be  regarded  as  conservative  overestimates,  but  vorthy 
of  consideration  in  inference  foraulations  until  aora  data  become  available. 


CONLLDSKRtS 

Thasa  predoainantly  negative  findings  suggest  that  there  has  bean  no 
changa  in  tha  vay  replacements  self-select  for  entry  into  this  study  and,  due 
to  tha  obvious  scheduling  differences  batvaac  nav  and  old  replacements,  that 
no  additional  bias  has  bean  Introduced  at  ftllovup  by  scheduling  differences. 
These  data  also  strongly  suggest  that  shifted  Original  Comparisons  are  not 
statistically  distinguishable  froa  Original  Comparisons,  either  at  Baseline 
or  at  first  follovup.  This  interpretation  is  also  equivalent  to  the  con¬ 
clusion  that  no  additional  bias  vas  introduced  by  scheduling  differences 
betveen  Original  Comparisons  and  shifted  Original  Comparisons  at  Baseline. 
Available  data  on  noncompliant  Comparisons  and  their  replacements  suggest 
that,  although  replacements  vere  not  health-aatched  to  refusals  at  Baseline, 
they  are  remarkably  similar  to  refusals  vith  respect  to  reported  health, 
nadication  use,  and  incoae  level.  This  result  also  supports  a  conclusion 
that  there  has  been  little,  if  any,  selection  bias  due  to  nonparticipation  in 
the  Comparison  group.  This  conclusion  supports  the  use  of  the  total 
Comparison  group  for  all  of  the  aain  analyses  in  the  body  of  this  report. 

Data  regarding  the  fev  partially  compliant  participants  at  first  follovup  are 
not  sufficient  to  confirm  or  deny  compliance  bias  calculations  published  in 
the  Baseline  Report. 
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TABU  5-28 


Medication  Cm  of  Partially  Coapliant  Tarsus 
Fully  Coapllaat  Nonblack  Participants 


Group 


Ranch  Band 

Conparison 

Coaplianca  Status 

Madication  Usa 

Nuabar 

Parcant 

Nuabar 

Parcont 

Total 

Full 

Taa 

123 

'42 

167 

58 

290 

No 

832 

a 

1,043 

56 

1,875 

Total 

955 

1,210 

2,165 

Partial 

Yes 

1 

25 

3 

75 

4 

No 

7 

21 

27 

79 

34 

Total 

8 

30 

38 

TABU  5-29. 

Cork  Loss  of  Partially  Coapllaat  Tarsus 

FttUy  Coapllaat  Nonblack  Participant* 

Group 

Ranch  Band 

Coaparison 

Conplianca  Status 

Vork  Loss 

Nuabar  Parcant 

Nuabar 

Parcant 

Total 

Full 

Tas 

796 

44 

1,010 

56 

1,806 

No 

155 

44 

200 

56 

355 

Total 

951 

1,210 

2,161 

Partial 

Tas 

8 

22 

28 

78 

36 

No 

0 

0 

2 

100 

2 

Total 

8 

30 

38 

1 
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QUALITY  CONTROL 


During  the  first  AFBS  follovup,  stringent  adherence  to  quality  assurance 
(QA)  vas  planned  for  and  upheld  throughout  the  study,  f roe  project  initiation 
to  fin*l  product  delivery  and  acceptance  by  the  Air  Force.  A  quality  prograa 
plan  vas  developed  for  this  study  cycle,  outlining  all  contract  activities 
requiring  periodic  and/or  systematic  QA  and  quality  control  (QC,  monitoring. 

The  purpose  of  this  chapter  is  to  provide  an  overviev  of  the  specific  QA 
measures  developed  and  used  by  the  project  teaa,  specifically  in  the  areas  of 
administrative  QC;  questionnaire,  physical,  and  psychological  exaaination  QC; 
laboratory  QC  Measures;  data  base  management  QA;  and  statistical  QC. 


ADKDHSnATIVI  QUALITY  tfWiflB 

In  recognition  of  the  magnitude,  complexity,  and  importance  of  the  AFHS, 
a  Quality  Revlev  Committee  (QRC)  vas  established  at  the  initiation  of  the 
third-year  follovup  for  the  purpose  of  providing  general  oversight  to  the 
AFHS  QA  Prograa  and  advice  on  the  appropriateness  of  prograa  management  and 
QC  actions.  The  QRC  vas  composed  of  senior  corporate  personnel  from  the 
prime  contractor.  These  independent  reviewers  remained  separate  from  the 
project  management  staff.  The  QRC  net  formally  each  quarter  to  review  recent 
study  progress  and  any  issues  that  either  had  an  impact  on  study  quality  or 
vere  perceived  as  a  potential  problem. 

Assisting  the  QRC  in  day-to-day  oversight  responsibilities  vas  a  QA 
officer  responsible  for  reviewing  procedures,  performance,  and  vork  products 
from  all  task  managers  and  key  project  staff.  As  pert  of  the  monitoring 
function,  the  QA  officer  received  exception  reports  from  project  task 
managers  whenever  an  incident  occurred  that  appeared  to  affect  study  quality. 
Monthly  reports  vere  also  prepared  for  the  Air  Force,  documenting  project 
compliance  vlth  project  QA  criteria  and  noting  any  instances  of  non- 
compliance. 

An  additional  measure  of  corporate  QC  vas  implemented  through  indepen¬ 
dent  QA  audits  of  individual  project  tasks.  Members  of  the  QRC  determined 
first-hand  vhether  QA  procedures  for  a  particular  task  vere  being  conducted, 
whether  procedures  vere  app^opriat  for  the  task,  and  vhether  QA  vas  complete 
for  all  aspects  of  each  task. 

The  remainder  of  this  chapter  comprises  specific  QA  procedures  followed 
for  the  Individual  tasks. 


QUESTIONNAIRE  QUALITY  CONTROL 

NORC  used  both,  onsite  and  hone-office  QA  procedures  to  produce  a 
comprehensive  data  set.  All  AFHS  questionnaires  vere  pretested  to  evaluate 


their  completion  tin*  and  participant  acceptability  before  thay  vara  used  at 
the  SCRF.  Onaita  QC  procedure*  included  weekly  observation  and  rating  of 
each  interviewer,  editing  of  every  questionnaire  at  the  completion  of  the 
interviev,  and  aoni coring  of  participant  evaluation*.  The  Air  Force  also 
continuously  conducted  QA  observation*  of  all  onsite  activities.  QC  of  data 
processing  included  eanually  editing  each  questionnaire,  including  a 
100-percent  verification  of  critical  items  for  each  questionnaire,  compu¬ 
terised  cleaning  (vith  both  single  item  and  interitem  reviev  for  range  and 
consistency),  identifying  outliers,  and  reviewing  the  actual  questionnaire 
copy  to  reconcile  or  correct  detected  errors. 

All  telephone  surveys  were  monitored  for  quality  and  accuracy  of 
interviewer  perforrance  by  NORC  supervisors.  The  telephone  survey  supervisor 
monitored  3  percent  of  each  interviewer's  call*  to  assure  an  appropriate 
presentation  and  an  accurate  transcription  of  responses.  An  additional 
5  percent  of  the  participants  vere  recontacted  after  the  interview  to  eval¬ 
uate  intsrviever  performance  and  validate  that  the  correct  respondent  had 
been  contacted. 

NORC  recruited  and  trained  interviewers  according  to  the  detailed 
procedures  described  in  Chapter  3.  A  minimum  number  or  interviewers  vs* 
selected  to  reduce  interviewer  variability.  Additionally,  these  individuals 
vere  blinded  to  the  participants'  exposure  status  to  avoid  any  bias. 
Intervievers  vere  required  to  aak  questions  exactly  as  recorded,  end  in  the 
order  in  which  they  appeared.  Mo  personal  interpretation  was  allowed 

An  onsite  field  aanager  closely  supervised  each  interviewer's  work 
regularly,  observing  individual  interviews  reekly  during  the  examination 
schedule.  The  field  aanager  reported  directly  to  the  NORC  Project  Director 
weekly,  and  was  reviewed  by  the  Project  Director  during  quarterly  site 
visits,  to  ensure  direct  accountability  by  the  home  office  and  the  field 
manager  for  promptly  resolving  any  issues. 

Specifically,  interviewers  were  checked  for  accuracy  in  questionnaire 
skip  patterns,  probing,  circling  of  the  correct  code,  control  of  the  inter¬ 
view,  voice  quality,  reeding,  and  use  of  associated  documents.  When  celled 
for,  the  onsite  esnager  t*ave  immediate  retraining  after  each  observation  ar.<i 
documented  the  content  of  this  training.  At  weekly  meetings,  held  with  all 
intervievers,  the  field  aanager  used  generalisations  froa  individual  inter¬ 
viewer  performance  observations  to  train  aa  entire  group  of  interviewers. 

The  NORC  field  manager  also  monitored  participant  evaluations  of  the 
study  doaaly  and  used  the  information  gathered  to  plan  and  implement 
retraining.  The  aanager  end  staff  edited  each  completed  questionnaire  before 
it  was  shipped  to  Chicago,  attempting  to  retrieve  aissing  data  while  the 
study  participant  was  at.  the  physical  axaalnation  site.  Missing  or  ambiguous 
data  vere  also  retrieved  by  telephone  vhen  necessary. 

Spouse  fertility  data  vere  obtained  independently  of  the  participant 
interview  by  sending  the  nail  questionnaire  while  the  study  participant  vss 
at  tha  examination  site,  and  by  having  a  group  meeting  for  vivas  who  accom¬ 
panied  their  spouses  to  the  clinic  site,  vhere  they  could  complete  their 
questionnaires  in  private.  The  Assistant  Survey  Director  in  Chicago  super- 
,Msed  and  edited  all  interviews  conducted  at  home  with  participants  and 
peuses. 
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One*  the  participant  and  spouse  questionnaires  vara  received  in  Chicago, 
thay  vara  aditad  for  completeness  by  a  coding  supervisor  and  ataff  dadicatad 
to  the  APBS  for  tha  antira  projact.  Resolution  of  inconsistencies  vaa 
accomplished  by  staff  members,  who  standardised  all  respooue*  prior;  to 
keypunching.  Questionnaires  varo  than  coded,  and  a  10- par  cant  raoda  vaa 
dona  on  open-ended  items.  Whan  a  batch  failed  tha  10- percent  ra.'.oda,  tha 
antira  batch  vas  raeodad  end  tha  coding  ataff  vaa  ra trained.  Ora  hundred 
percent  quality  control  vaa  accomplished  by  the  Mr  Force. 

Airing  data  entry ,  range  validity  checks  vara  perforaed  and  10  percent 
of  the  aost  important  itaaa  in  each  questionnaire  vaa  verified.  Data  vara 
than  passed  through  a  computer  program  that  checked  for  inter-  and  intra- 
column  errors.  WJ»wn  error*  vara  detected,  tha  quaationnairaa  vara  reviavad 
and  tha  arrors  corrected.  Tha  process  continued  until  no  errors  vara 
detected  by  tha  cleaning  program.  Than,  frequencies  vara  reviewed  and  any 
anomalies  or  errors  previously  undetected  vara  corrected  by  ravlavlng  tha 
questionnaires  on  s  case-by-case  basis.  All  corrections  vara  entered  into 
tha  data  tape,  but  no  Ganges  vara  aada  to  tha  data  racordad  in  th*  question¬ 
naires.  QA  reports  vara  generated  monthly,  detailing  tha  summary  statistics 
on  tha  number  of  questionnaires  reviavad,  tha  number  and  types  of  tran¬ 
scriptions  falling  QC  checks,  and  the  average  number  of  coding  errors  par 
batch  processed. 


PHYSICAL  KXAKDUTIOH  QUALITY  COMK&L 

QC  vas  emphasised  in  tha  physical  examination,  as  this  data  source 
provided  aost  of  tho  medical  information  for  clinical  and  epidemiological 
analyses. 

Initial  concern  for  a  high-quality  physical  examination  vaa  eddraaaod  by 
a  stringent  SOW  selection  process  for  all  personnel  vho  vara  to  directly 
interact  vlth  tha  participants.  Xach  ataff  member  vas  hand-selected  fer  tha 
AFHS  on  tha  basis  of  expertise,  experience,  and  a  commitment  to  remain  vlth 
the  study  throughout  the  examination  cycle.  Further,  tha  Air  Force  Technical 
Team  revleved  tha  credentials  of  all  key  staff  naabeis  and  approved  their 
participation  in  tha  study 

A  complete  pretest  physical  examination,  lntervlw,  psychological  tost, 
and  laboratory  vorkup  vas  dona  for  10  volunteers  several  veeks  before  the 
scheduled  start  of  the  study,  Refresher  training  van  given  to  the  damn- 
tologists  to  enhance  their  skill  in  diagnosing  chloracna;,  techniques  for 
detecting  specific  heart  sounds  vere  reviavad  vlth  the  Internists,  and 
diagnosticians  vara  reminded  of  the  need  to  revlev  Baseline  examination  data 
as  th«y  formulated  all  diagnoses.  Further,  all  aspects  of  petiert  contact 
vere  reviavad:  tha  initial  inbriefing  of  the  participants,  the  logistics  of 
transportation  and  patient  flov  vlthin  the  clinic,  and  the  fiual  outbrieflng 
by  the  diagnostician. 

During  the  examinations,  refinements  continued  vhenever  operational 
problems  vere  detected  by  the  SCRF  staff  and  the  Air  Force  onsite  monitor,  or 
vheo  participants  identified  areas  requiring  improvement.  Both  of  these 
types  of  inforsatlon  vsre  addressed  during  the  weekly  clinical  QA  meeting  of 
key  SCRP  staff,  chaired  by  the  SCRF  Medical  Project  Director  end  attended  by 
an  Air  Force  representative.  In  addition,  written  critique  forms  submitted 
by  ell  participants  vere  reviavad  in  detail  at  the  SCRF  veekly  meetings, 
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providing  Additional  insight  to  both  temporary  shortcomings  of  tha  entire 
logistic  procoss  ns  vail  as  tha  numerous  strong  points  of  tha  programs. 

Polloving  axaai nation  of  aach  participant  group,  nil  physical  axami- 
nation  forms  vara  raviavad  by  tha  SCR?  staff,  for  omissionn,  incomplete 
examinations,  and  inconsistanciac.  Tha  axsainars  or  technicians  vara  quickly 
contacted  to  correct  tha  data.  Special  afflco rt  vas  mnda  to  complete  this 
raviav  while  the  participants  vara  at  tha  axaminatio a  oita.  In  all  casas  >f 
data  correction,  s  complata  audit  trail  vas  maintained.  Finally,  all 
mark-sense  physical  axaai nation  forms  vara  raad  by  an  optical  acannar  to 
attsura  total  continuity  and  sensibility  of  tha  final  examination  contents 
(This  subject  is  discussad  in  nora  detail  in  tha  Data  Rinagement  Quality 
Control,  auction  of  this  chapter.) 

Compliance  with  all  aspects  of  tha  physical  anamination  vas  monitor ad 
daily  by  tha  Air  Fovea  onalta  monitor  and  tha  SCBF  Nad  leal  Project  Dirac  tor. 
Additional  periodic  inspections  vara  con cue tad  by  tha  SCRF  Chief  of  Medicine 
and  tba  S/iIC  Principal  Invest if* tor.  All  such  clinical  review*  vara  dona 
unobtrusively,  and  vlth  tha  full  coos  art  of  tha  participant;  suggest  ions  ere 
corractions  to  tha  axaai nation  procedure  vara  always  discussad  privately  vlth 
tha  at  landing  physician.  Thaaa  inspections  emphasise!  aspects  of  clinical 
tacholquas,  sequencing  iwl  completeness  of  tha  clinical  data  vlth  ran pact  to 
tha  axaai  nation  forms,  s»4  tha  total  bliodnmss  of  tha  exani  nations.  Cf 
particular  note  vara  the  detailed  dally  log  entries  of  tha  flv«  Air  force 
aonitors.  Thasa  entries  ensured  coutinulty  of  knowledge  (tha  monitors 
rotated  approximately  avary  2  weeks.)  by  documenting  examination  procedural 
changes  and  recording  avants  requiring  followup  by  either  the  Ail-  Forca  or 
tha  prina  contractor. 

Istmblishaant  of  rapport  vlth  aach  study  participant  vas  a  primary  govl 
of  mil  organisations  involved  in  this  study.  Although  "rapport  building"  any 
not  be  a  traditional  QA  parameter  in  most  research  studios,  it  ia  paraetoeat 
in  tba  AFHS  baemusa  maintaining  tha  satisfaction  of  participants  ancov.ro/jVfi 
cheat  to  continue  in  the  study,  aud  thrs  a  significant  reduction  In  future 
statistical  povar  or  bias,  or  both,  is  avoided.  Ivery  staff  raacabav,  t hero- 
fora,  ftoa  tha  initial  talaphona  recruiter  to  tha  nurse  coordinator  end  tha 
Frojact  Manager,  emphasised  courtesy,  empathy,  assistance,  arid.  personalis' id 
traataact  of  aach  participant. 


LAMSAXMIT  QUALITY  COWBOL 

Before  tha  study  vas  begun,  specific  QC  laboratory  procedures  vara 
designed,  developed,  and  lap lamented  to  rapidly  detect  problems  related  to 
taat/assay  performance,  validity  of  reagants,  analysis  of  data,  and  reporting 
of  results.  All  laboratory  assays  for  tha  study  vara  dona  vlth  state-of-the- 
art  laboratory  equipment  and  techniques.  Laboratory  facilities  all  had  tha 
equivalent  of  National  Institutes  ol  Health  Biosafety  Laval  2  (BSL-2) 
approval  ratings  and  vara  certified  by  tha  Collage  of  American  Pathology 
(CAP). 

Hematology  assays  were  performed  on  Coulter  S  Plus*  equipment; 
sediaentation  late  determinations  veto  performed  using  tha  large-tuba 
yestergren  method.  Tha  Dupont  Automated  Chemical  Analyser*  (ACA)  vas  used  to 
perform  tha  biochemical  assays;  radioiamunoassays  (RIA)  vara  dona  vlth 
standard  test  kits;  and  porphyrin  vas  assayed  by  high-performance  liquid 
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chroaatography  at  the  Mayo  Clinic  In  Rochester,  Minnesota.  Bapatltis  B  teats 
vara  perforNd  using  Abbott  kits,  and  annual ly  parforaad  electrophoresis  and 
Monospecific  antibodies  vara  used  for  inaunoloflobulin  aaaaya.  Blood-call 
count a  vara  parforaad  vith  standard  microscopy,  and  Clinitek,  a  raflactanca 
spactoaatry  urinalysis,  van  uaad  for  all  urlnalyats.  All  othar  aaaaya  vara 
dona  ualnf  i ndua t ry-approvod  aqulpaant  and  tachuiques. 

All  laboratory  operations  vara  controllad  vith  tha  uaa  of  an  lntagratad 
aadlcal  laboratory  aanagtnant  intonation  aystaa  that  incorporated  direct 
davica  to  data  bane  intarfacaa  for  automated  t anting  aqulpaant ,  and  data 
entry  for  aanual  taata  van  parforaad  by  tha  laboratory  technologists.  An 
autoaatad  audit  trail  and  a  art  of  coaaanta  for  tachnologiat  entriaa  vara 
kapt  for  each  taat  ao  that  any  QC  raaults  could  bare traced. 

Procedural  QC  included  using  lnstruaonration  and  reagents  fro*  one  lot 
nuaber  throughout  tha  atudy.  Strict  atandarda  of  calibration  for  all 
autoaatad  laboratory  aqulpaant  vara  aaintained  at  all  tinea. 

Trilevel  or  bilevel  controla  vara  uaad  a a  tha  priaary  naans  for 
Monitoring  the  quality  of  all  toata.  On  every  group  of  participant  anaplea, 
one  control  (lov,  aediua,  or  high)  van  run  at  tha  start,  after  every  ninth 
aaaple,  and  at  the  and  of  each  fast  run.  Bach  trllevel  control  van  uaad 
before  repeating  it  in  tha  run,  vhen  aore  than  18  experlaental  aanplea  vara 
analysed.  In  addition,  split  aliquota  vara  aade  froa  every  tenth  patient 
saapla  and  vara  analysed  separately  to  neaaure  test  reproducibility. 

All  QC  data  vara  analysed  and  sunaarisad  in  foraal  QC  reports  generated 
veekly.  QC  data  vara  subjected  to  independent  statistical  analysis  to 
produce  and  analyse  tine-dependant  trends.  Por  all  aqulpaant  Malfunctions  or 
othar  exceptions,  a  foraal  X  exception  report  vaa  prepared  by  the  respon¬ 
sible  individual  and  forverded  to  tha  QA  offlcar  and  tha  projact  aanageaant 
taaa. 


An  additional  aoaaura  of  quality  control  introduced  during  tha  study  vjj 
tha  CUSUH  tosts  run  vith  trilevel  controls.  In  particular,  tha  fast  initial 
response  emulative  sua  (FIB  CUSUH)  X  technique  vaa  uaad.  It  baa  an 
advantage  in  detecting  long- tarn  subtle  drift  that  ceuld  have  substantial 
adverse  analytical  consequences . 2  FIR  is  a  special  case  of  tha  CUSUH  X 
schene  that  increases  tha  overall  affactivanass  of  tha  X  procedure.  Unlike 
X  procedures  using  standard  control  charts,  vhlch  coapara  each  observation 
to  designated  Units,  these  teats  utilise  the  cuwulative  sun  of  deviations 
..roa  a  target  value. 

CUSUK  statistics  vara  accunulatcd  for  each  of  the  trilovels  to  quickly 
defect  imminent  calibration  problems  as  identified  by  excessive  drift. 

If  an  out -of -control  situation  vaa  indicated,  tha  graph  shoved  vhan  tha 
change  first  occurred.  Coefficient  of  variation  (CV)  standards  vara 
established  before  the  study  for  each  taat.  All  adjacent  patient  sanplas 
vara  reanalyzed  after  tha  equipment  vaa  the.  highly  checked  and  fresh  controls 
vare  run. 

FIR  CUSUH  generally  has  been  applied  to  X  in  industry,  particularly  in 
high-voluae,  high-precision  applications.  To  our  knowledge,  FIR  CUSUH  has 
not  generally  been  applied  in  a  bionedlcal  setting.  According  to  SCRF 
laboratory  oersonnal,  this  procedure  proved  so  successful  in  the  AFBS  that 
nost  of  the  SCRF  clinical  laboratory  v;lll  begin  using  it  in  the  near  future. 
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A*  t’Ja  examination  portion  of  this  study  ended,  all  laboratory  outliers 
vara  analysed  for  logical  validity  by  an  independent  clinician.  All  out-of- 
ranga  test  rasults  vara  examined  and  scotad  as  clinically  explainable, 
clinically  possible,  or  clinically  unexplained. 


Quality  Control  Procedures  for  tha  Tamunulop  Laboratory 

Tha  QC  procaduras  for  tha  Callular  Immunology  suction  of  tha  APHS  vara 
.'.structured  to  rapidly  datact  any  problems  in  four  major  tast  parameters: 

(1)  assay  performance,  (2)  reagent  validity,  (3)  data  analysis,  and 
(A)  rasults  reporting.  Tha  QC  measures  vara  aetailed  in  tha  Quality  Proce¬ 
dures  Plan  and  documented  before  tasting,  started.  Compliance  vas  monitored 
daily  by  tha  Cellular  Immunology  laboratory  supervisor.  Key  aspects  of  tha 
program  indudmd  instrument  and  equipment  calibration  and  maintenance,  assay 
controls,  accuracy  and  pracision  determination,  and  syataa  failure  checks. 

QC  measures  folloved  in  all  Callular  Tamunology  assays  included: 

e  Blood  sample  from  a  normal,  healthy  control  individual  vith  each  group 
of  APHS  patient  samples 

e  Duplicate  testing  of  one  random  patlant  sample  in  each  assay 

e  Quadruplicate  testing  of  aach  patient  sample  for  each  variable  in  each 
of  the  functional  assays  (a.g.,  PHA  stimulation,  natural  killer  cell 
effector/ target  ratios) 

e  Parallel  testing  and  monitoring  raactivity  of  various  lots  of  reagants 
vhen  appropriate 

e  Verification  of  oatient  and  specimen  identification  by  at  least  tvo 
individuals  bafora  final  reporting  to  the  data  baas 

e  Nota  codes  attached  to  any  data  point  vith  a  datactad  deviation  froa 
normal  due  to  procedural  setup  error,  assay  malfunction,  equipment 
malfunction,  or  assay  technical  error 

e  Reviev  of  all  final  assay  reports  by  the  Cellular  Immunology 
laboratory  supervisor  prior  to  entry  into  the  data  base. 


QC  for  each  functional  assay  including  phytoheaagglutinir.  (PHA), 
pokevemd,  mixed  lymphocyte  culture  (MLC) ,  end  natural  kil  .er  cell  consisted 
of  monitoring  assay  controls,  duplicate  sample  reproducibility,  and  any 
trends  in  reagent  reactivity.  Assay  precision  vas  determined  by  calculating 
the  CV  of  the  quadruplicates  for  each  variable  tested.  Also,  a  mean  value  of 
the  CV  for  each  assay  vas  calculated.  Individual  CV's  of  15  percent  or  less 
vere  the  target  values  for  the  stimulated  samples  in  the  mitogen  and  natural 
killer  cell  assays.  The  Student's  t-test  vas  applied  to  duplicates  to 
determine  if  there  vas  a  significant  difference  in  sampling  for  the 
functional  essays.  Critical  t-values  at  tha  0.05  significance  level  vere 
used  to  determine  if  duplicate  sample  results  varied  significantly.  Grubbs' 
statistical  test  ves  used  to  identify  any  statistically  significant  outlier. 
This  test  vas  applied  only  to  samples  vhose  CV's  vere  greeter  than  20  percent 
at  a  p-valua  of  0.01.  Tha  aitogen  stimulation  (PHA,  pokeveed)  affect  vas 
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followed  by  dally  evaluation  of  the  radioactive  counts  in  counts  per  minute 
(epa)  for  each  eltotsn.  Vhen  counts  fell  below  expected  values,  suggesting 
that  reagent  deterioration  had  occurred,  new  aliquots  were  used. 

QC  measures  for  the  cell  surfuce  Barker  assays  were  calculation  of 
T4-fT|/T11  cell  ratios,  evaluation  of  flow  cytometer  coaputer  outputs 
{cytograas  and  histograas),  and  dupierte  sample  testing.  T.+T,/T..  cellular 
ratios  should  approxiaate  the  value  1.0  for  a  normal  population,  validity  of 
cytograa  and  histogram  distributions  generated  by  the  flov  cytometer  was 
confirmed  by  the  Cellular  Iamunology  laboratory  supervisor  for  each  sample 
analysed.  The  percent  positive  cells  for  each  surface  marker  was  determined 
in  the  duplicates  and  viewed  graphically  using  a  microcomputer  program.  Any 
significant  differences  between  duplicates  were  noted  and  followed  for 
abnormal  trends. 

On  coapletion  of  this  followup  effort,  the  entire  cellular  immunology 
data  base  was  reviewed  by  the  Air  Force  team,  laboratory  staff,  and  con* 
sultants.  Coaments  attached  to  the  data  points  were  also  reviewed.  Any  data 
point  that  appeared  unusual  was  reviewed  and  identified  as  an  unexplained 
outlier.  Unexplained  outliers  were  deleted  froa  the  data  base  as  errors  of 
an  unknown  nature.  This  review  was  conducted  vithout  knowledge  of  exposure 
status. 


DATA  KAMAGBKENT  QUALITY  CONTROL 


Overview  of  Quality  Control  Procedures 

The  QC  program  for  the  data  management  activity  consisted  of  multiple 
checks  at  all  steps  of  the  examination,  data  collection,  and  data  processing 
cycle.  Data  QC  procedures  for  data  collection,  conversion,  and  integration 
were  developed  before  the  clinical  examinations  began.  Pretesting  of  all 
forms,  procedures,  and  logistic  arrangements  was  conducted  3  veeks  before  the 
exaainations  actually  began.  Additionally,  during  the  first  2  months  of  tha 
clinical  exaainations,  all  data  collection  activities  were  intensely  scruti¬ 
nized  to  detect  and  correct  procedural  deficiencies. 

QC  activities  also  included  automated  QC  techniques  applied  to  labora¬ 
tory  data,  clinical  evaluations  of  all  laboratory  outliers,  review  of  all 
physical  examination  findings  by  an  independent  diagnostician,  and  automated 
and  manual  data  quality  checking  of  hard  copy  against  transcribed  computer 
files  for  all  questionnaire,  physical  examination,  and  medical  coding  data 
streams. 

Five  interwoven  layers  of  QC  were  instituted  to  ensure  data  integrity. 
Efforts  focused  on  (1)  data  processing  system  design,  (2)  design  and  adminis¬ 
tration  cf  all  exams  or  questionnaires,  (3)  data  completeness  checks, 

(4)  data  validation  techniques,  and  (5)  quality  control  of  medical  records 
coding.  In  some  cases,  the  QC  procedures  about  to  be  described  were 
implemented  throughout  the  data  management  task  rather  than  assigned  to  a 
particular  activity.  These  comprehensive  QC  procedures  vill  be  mentioned 
vhere  appropriate  throughout  the  remainder  of  this  section. 
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Data  Processing  System  Design 


For  each  data  stream,  standards  were  set  to  establish  data  element 
format  (character  or  numeric),  data  element  naming  conventions,  data  element 
text  labels,  numeric  codes  for  qualitative  responses  and  results,  QC  range 
checks  for  continuous  data  elements,  and  QC  validity  checks  for  categorical 
data.  A  data  dictionary  provided  det  died  information  on  each  data  element. 

A  systems  integration  apj.  .oach  vas  applied  to  the  design  and  implemen¬ 
tation  of  data  collection  procedures  and  techniques  so  that  data  emanating 
from  the  various  study  sources  (physical  examination,  questionnaire, 
laboratory)  vere  consistent  in  fi^e  format  and  structure.  This  vas  necessary 
to  ensure  that  all  data  could  be  integrated  into  a  single  data  base  manage¬ 
ment  system  for  analysis.  Figure  6-1  provides  an  overview  of  the  QC 
activities  used  in  the  data  base  management  process. 

Forms  and  questionnaires  vere  carefully  designed  to  ensure  that  all 
required  data  elements  would  be  collected  according  to  the  Study  Protocol. 

The  design  of  these  instruments  vas  such  that  they  reflected  the  order  in 
which  the  examination  itself  vould  be  administered  and  provided  for  the 
sequential  recoding  of  information  to  streamline  remaining  data  management 
activities. 

Completed  medical  records  and  questionnaires  vere  converted  from  hard 
copy  to  machine-readable  images  using  customized  data-entry  systems  or 
state-of-the-art  optical  mark  reading  equipment.  Verification  procedures 
vere  performed  to  ensure  that  a  uniquely  identified  participant  record 
existed  vithin  each  data  file,  and  that  the  appropriate  number  of  .responses 
for  each  applicable  field  vas  provided.  Data  files  vere  then  ver'  ' ->d 
against  original  data  sheets  and  corrected  as  necessary. 

Data  files  vere  then  subjected  to  validity  checks.  Any  potentially 
conflicting  results  as  veil  as  any  data  values  falling  at  the  extremes  of 
expected  ranges  were  manually  reviewed.  Extreme  values  vere  reverified 
agair.st  the  original  rav  data  copies  and  either  corrected  or  ’ocumented  as 
valid  results.  Potentially  conflicting  results  vere  returned  to  the 
examiners  for  review.  These  results  vere  then  documented  as  correctly 
recorded,  corrected,  or  flagged  for  exclusion  from  analysis  because  of 
unresolvable  examiner  errors  or  omissions. 

Once  the  edits  vere  completed  and  the  date,  reverified,  the  "cleanea" 
files  or  tapes  vere  transferred  to  the  data  analysis  center  for  final 
inspection  and  integration  into  the  study  data  base.  For  this  QC  measure, 
each  data  file  vas  loaded  into  a  Statistical  Analysis  System  (SAS*)  data  set, 
and  descriptive  analyses  vere  run.  The  validation,  correction,  transmission, 
and  analysis  QC  procedures  vere  repeated  as  necessary  to  ensure  that  all 
extreme  or  suspicious  values  had  been  validated. 


Design  and  Administration  of  Physical  and  Psychological  Examination  Forms 

As  mentioned,  the  examination  forms  vere  designed  to  solicit  all 
required  data  such  thn:  recording  time  vas  minimized,  comprehension  vas 
enhanced,  and  data  input  could  occur  vith  a  minimum  of  transcription  errors. 
Optical  Hark  Recognition  (OrtR)  technologies  vere  selected  to  eliminate  the 
risk  of  transcription  errors  and  vere  applied  to  all  psychological  tests. 
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Data  QC  Flow  Chart 


Figure  6-1. 

i  Levels  of  Quality  Control  Applied  to  AN 
Mooted  Dote  Prior  to  Statistical  Analysis 


Customized  nark-sense  forns  vere  also  developed  and  OMR  technology  vas  used 
to  achieve  these  sane  objectives  cot  segments  of  the  physical  examination  and 
the  self-administered  questionnaires,  the  use  of  nark-sense  forms  alloyed 
the  creation  of  computerised  data  files  directly  from  the  raw  data  recorded 
on  these  forms. 

QC  procedures  for  all  data  collection  instruments  began  vith  a  review  of 
all  forns  immediately  as  they  vere  completed.  Any  forms  containing  missing 
examination  results  vere  returned  to  the  examining  physician  or  completion 
before  the  participants  left  the  site.  Any  questionable  results  or 
"hard-to-dlegnosc”  conditions  (such  as  heart  sounds  or  peripheral  pulses) 
vere  verified  by  the  diagnostician  ct  the  outbriefing.  All  exaaination  forms 
vere  signed  by  the  examining  physician,  and  the  examiner  identification 
number  vas  coded  in  the  data  base  so  that  interexaainer  variation  could  be 
analysed.  Detailed  QC  records  vere  maintained,  which  indicated  the  examining 
physician  and  the  type  of  deficiency  detected.  Deficiency  reports  vere 
reviewed  by  the  study  coordinator  to  detect  any  patterns  of  physician  data 
entry  error.  A  final  level  of  QC  audit  vas  accomplished  by  Air  Force 
statisticians,  vho  ccnducted  a  detailed  screening  of  the  data  and  checked  for 
errors. 


Data  Completeness  Checks 

Customised  programming  of  the  OHR  allowed  for  the  identification  of 
those  forma  (and  their  corresponding  data  records)  vith  missing  responses,  as 
veil  as  those  vith  multiple  responses  to  questions  that  required  a  single 
response.  The  OMR  scanner  vas  programmed  to  reject  forms  that  failed 
completeness  and  multiple  response  checks  and  to  output  a  control  code  for 
each  rejected  f >rm.  The  control  code  identified  the  location  of  the  first 
three  verification  checks  failed  for  a  given  fora. 

When  a  rav  data  fora  vas  rejected,  the  reason  for  the  rejection  vas 
determined  and  the  exact  data  elaaent  vas  corrected  by  comparing  the  rejected 
rav  data  form  to  the  values  rscorded  in  the  date  record  created  by  the 
scanner.  A  customised  set  of  rejection  and  resolution  codes  vas  developed 
for  the  study  to  describe  all  the  reasons  for  a  fora's  rejection  and  any 
subsequent  reasons  for  changing  a  data  value.  Various  codas  idantified 
values  recovered  from  light  marks,  missing  narks  explained  by  examiner 
comments,  and  missing  comment  flags  rasolved  by  the  presence  or  absence  of 
text  in  the  comment  areas.  Thesa  codes  ensured  data  completeness  by 
accounting  for  ell  questionable  or  aissing  responses.  (See  examples  of  mark- 
sense  forma  in  Figures  4-3  and  4-4.) 

Some  of  the  rejected  forma  did  not  contain  actual  data  errors  but  rather 
anomalies  created  in  using  nark-sent i  cards  for  data  collection.  For 
instance,  incompletely  erased  responses  and  responses  narked  vith  too  little 
carbon  or  graphite  vere  incorrectly  counted  or  missed,  respectively,  by  the 
scanner.  Examiners  also  tended  to  clearly  nark  responses  for  abnormal 
findings  vhile  bypassing  or  lightly  aarking  responses  for  expected  or  desired 
findings.  Fsilure  of  the  form  to  provide  the  correct  number  of  expected 
responses  alvays  resulted  in  rejection.  These  technology-based  errors  vere 
resolved,  as  vere  the  anticipated,  aore  traditional  errors. 

The  rejection  code,  data  location  code,  resolution  code,  data 
inspector's  initials,  and  correct  data  value  vere'  directly  posted  to  a 
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participant's  data  record.  This  innovative  technique  not  only  effectively 
maintained  a  comprehensive  audit  trail  of  all  record  manipulations,  it  also 
provided  a  aechanisn  for  measuring  the  frequency  of  specific  errors. 

Careful  monitoring  identified  trends  vhere  individual  data  values  were 
missed  as  veil  as  the  frequency  vith  vhich  individual  examiners  incorrectly 
marked  their  examination  forms.  Statistics  vere  compiled  on  out-of-range 
results  and  data  omissions  that  had  been  accepted  in  the  previous  QC  audits. 
The  results  vere  monitored  to  detect  crends,  possible  bias  situations,  and 
other  data  quality  problems.  This  information  vas  revieved  and  relayed  to 
examiners  and  internal  auditors  to  assist  in  preventing  or  correcting 
chronic,  but  avoidable,  problems. 


Data  Validation  Techniques 

QC  activities  also  included  data  validation  techniques.  As  mentioned 
earlier,  data  files  vere  examined  in  a  series  of  verification  and  validation 
procedures  developed  to  check  the  results  vithin  each  participant's  record 
for  logical  consistency  and  abnormal  findings.  Any  rmcords  noted  to  have 
ambiguous  findings,  incongruent  observations,  extreme  results,  or  nonobvious 
errors  or  omissions  vere  listed  and  submitted  for  reviev  to  a  physician. 

Again,  clinical  judgments  vere  made  by  the  auditing  physician  in 
assigning  a  validation  code  for  each  extreme  or  questionable  data  result. 

The  validation  codes  alloved  for  indicating  that  data  vere  deciphered  from 
examiner  comments  or  from  related  findings  from  another  specialty  area,  or 
vere  accurately  recorded  and  logically  consistent  vith  other  findings  for  the 
participant.  Data  points  that  could  not  be  definitively  validated  or 
recovered  through  clinical  judgment  and  consultation  vith  the  original 
examiner  vere  assigned  codes  noting  missing  or  invalid  data  values.  These 
unrecoverable  data  points  vere  excluded  from  subsequent  analysis. 


Medical  Records  Coding  Quality  Control 

Upon  completion  of  the  NORC  data  processing,  all  AFBS  questionnaires 
vere  forvarded  to  SAl'C  for  the  medical  coding  of  reported  conditions.  The 
International  Classification  of  Diseases,  9th  Revision,  Clinical  Modification 
(morbidity);  International  Classification  of  Diseases,  9th  Revision 
(mortality);  Systematized  Nomenclature  of  Medicine  (anatomic  site);  and 
American  Hospital  Formulary  Service  (medications)  coding  schemes  vere  used, 
suitably  modified.  Each  questionnaire  vas  coded  by  tvo  coders  vorklng 
independently.  The  results  of  the  tvo  coders  vere  forvarded  to  the  USAF  for 
100-percent  QA/QC  and  final  adjudication.  The  information  from  tha  physical 
examination  vas  coded  similarly. 

after  the  coding  data  vere  adjudicated,  they  vere  returned  to  SAIC  for 
data  entry.  The  coding  sheets  vere  batched,  key  entered,  verified,  and 
corrected.  The  corrections  vere  also  verified.  The  key  entry  and  verifica¬ 
tion  functions  vere  performed  by. various  operators.  Five  percent,  or 
100  reccrds  of  each  batch  (vhichever  vas  larger),  vas  randomly  selected  and 
subjected  to  manual  reverification.  An  error  rate  of  greater  than  1  percent 
of  this  sample  mandated  reverification  of  the  entire  batch.  In  this  final 
QA/QC  check,  the  automated  files  vere  revieved  and  compared  to  the  hard  copy 
by  trained  medical  record  coders,  all  of  vhom  satisfied  the  minimum  require¬ 
ment  of  Accredited  Record  Technician  or  Registered  Record  Administrator 
eligibility. 
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A  nanual  tracking  syatea  vu  used  <o  ratrlava  nedical  records.  A 
chronological  log  va a  maintained  to  track  participant  requests  for 
authoriaatlon  to  obtain  aadieal  record^) »  racaipt  of  tha  authorizations, 
raquaata  for  records  froa  tha  provider,  ahd  racaipt  of  tha  racorda  froa  tha 
provider.  Identifying  information  in  tbaaa  loga  included  participant  name, 
caaa  nuabar,  data  of  action,  condition(a)  to  ba  verified,  dependant  naaa  (if 
appropriate),  and  type  of  aadieal  providar  (Federal /non -Federal). 

Due  to  tha  intricaeiaa  of  obtaining  aadieal  racorda  froa  Federal 
facilities,  thia  taak  ultiaataly  bacaaa  tha  reaponaibili ;y  of  tha  Air  Force. 


STATISTICAL  ANALYSIS  QUALITY  CONTROL 

Specific  QC  aaaauraa  w-e  developed  for  activitlaa  falling  within  tha 
statistical  analysis  task:  construction  of  data  bases  for  tha  statistical 
analysis  of  each  clinical  chapter,  tha  statistical  analysis  itself,  and  tha 
production  of  statistical  reports  to  serve  aa  tha  basis  for  tha  clinical 
chapters. 

a 

Bacb  specialised  statistical  data  bass  vas  constructed  by  defining  and 
locating  each  variable  vlthin  the  easy  subpair ta  of  the  composite  followup 
data  base.  Lists  of  variahlas  and  their  data  sources  were  subaltted  to  the 
Air  Force  for  approval.  Although  the  data  had  bean  subjected  to  QC 
procedures  during  collection,  statistical  checks  for  outliers  and  other 
improbable  values  vere  conducted}  anoaalies  identified  by  the  statisticians 
vara  discussed  vith  those  responsible  for  the  data  collaction,  i.e.,  either 
NORC  or  SCRF. 

QA  largely  depended  on  regular  coaaunlcatlon  and  general  agreement  among 
statisticians.  Saveral  nestings  and  consultations  among  the  Air  Force  team, 
the  Principal  Invas tigs tor,  the  SAIC  statisticians,  and  tha  thklveraity  of 
Chicago  staff  members  vere  held  in  conjunction  with  the  development  of  the 
data  analysis  plan.  During  tha  course  of  the  analysis  thara  vara  frequent 
telephone  conversations.  Any  problaas  arising  in  the  statistical  analysis 
vere  resolved  by  team  discussion.  The  software  vas  checked  by  comparing 
results  from  analyses  on  the  same  variable  by  different  programs  (for 
example ,  BMDP*-LR  [logistic  regression]  and  BMCP*-4F  [log-linear  model] 
will  give  the  same  .results  for  dichotomous  variahlas  vhan  the  program  options 
are  chosen  properly).  The  statisticians  frequently  checked  that  the  number 
of  observations  used  in  an  analysis  vis  correct,  end  peer  review  ensured  that 
tha  program  coda  vas  appropriata  for  tha  chosen  procedure.  The  analyses  vere 
conducted  in  accordance  with  the  data  analysis  plan  which  vas  revievsd 
extensively.  Throughout  the  study,  duplicats  data  bases  vere  maintained  by 
the  USAF  and  SAIC.  Upon  completion  of  the  analyses,  SAIC  dalivtrsd  all 
analysis  softvara  and  SAS  data  sets  for  each  clinical  arms  to  the  USAF  for 
final  ravlav  and  archiving. 

All  tables  and  statistical  rasults  vara  checked  against  tha  computer 
output  froa  vhich  they  vere  derived,  and  all  statistical  ststsaents  in  the 
text  vere  checked  for  consistency  vith  the  results  glvsn  in  the  tables. 
Additionally,  drafts  of  chapters  in  ths  report  vers  reviewed  by  the  USAF  and 
SAIC  investigators,  and  ths  QRC. 
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STATISTICAL  HKTBOOS 


This  chapter  summarises  tha  kay  statistical  elements  of  tha  study 
design,  tha  statistical  analysis  issuas,  and  tha  spaclfic  statistical  methods 
usad  in  tha  analysis.  Additional  details  nay  be  found  in  tha  USA?  Study 
Protocol. 

Tha  primary  focus  of  tha  statistical  analysis  vas  a  contrast  of  haalth 
status  of  tha  Ranch  Rand  and  Comparison  groups.  Assassaants  vara  aada  of  tha 
proportions  of  participants  vith  abnormal  findings  and  of  aaan  lavals  of  kay 
laboratory  measurements.  Tha  analynas  encompassed  both  simple  contrasts 
betveen  tha  tvo  groups  and  more  complex  methods,  in  which  adjustment  vas  aada 
for  important  covarlatas. 

In  additlor  to  these  analyses,  tha  possibility  of  an  increasing  response 
of  medical  problems  vith  herbicide  dose  vas  explored,  since  if  indeed  there 
vara  an  affect,  more  problems  would  be  expected  among  the  more  heavily 
exposed.  Although  exact  dosage  information  is  not  available,  an  exposure 
index  vas  developed  for  the  exposed  population  (the  Ranch  Rands)  that  approx¬ 
imates  the  potential  herbicide  exposure  of  each  individual,  incorporating 
information  such  as  the  occupation  of  the  individual,  his  period  of  duty  in 
the  spraying  operation,  and  the  numbers  of  barrels  per  day  of  herbicide  used 
during  that  period.  Details  on  the  exposure  index  are  given  in  Chapter  8. 
Dose-response  analyses  were  conducted  for  the  Ranch  lands  only,  using  this 
exposure  index  as  a  surrogate  measure  of  dose. 

Interpretation  of  the  results  of  the  exposure  index  analyses,  however, 
depends  critically  on  the  accuracy  of  the  exposure  index,  vhich  presently  can 
be  regarded  as  only  fair.  (Improved  dosage  information  will  be  obtained  for 
future  studies  from  recently  developed  serum  dioxin  assay  techniques. )  Thus, 
the  analyses  of  overall  group  differences  betveen  the  Ranch  lands  and  the 
Comparisons  are  given  primary  emphasis,  and  the  exposure  index  analyses 
merely  supplement  them. 


STATISTICAL  STUDY  DISKS! 

An  overt  herbicide  effect  vould  be  characterised  by  more  symptoms, 
signs,  abnoroal  laboratory  tests,  syndromes,  or  diseases  in  the  Rsnch  land 
group  than  in  the  Comparison  group.  If  the  disease(s)  were  fatal,  increased 
mortality  might  also  be  observed.  A  subclinleal  herbicide  effect  vould  be 
detected  as  *ji  increase  in  abnormal  findings  on  the  physical  examination 
(particularly  laboratory  tests)  that  may  or  nay  not  also  be  associated  vith 
symptom  reporting  or  increased  mortality.  Thus,  the  basic  objective  of  the 
statistical  analysis  is  to  test  for  differences  betveen  the  Ranch  Hand 
(exposed)  group  and  the  Comparison  (nonexposed)  group. 
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In  general*  tvo  typaa  of  data  are  uaad  in  the  analysis.  ?irst*  thara 
are  subjective  data  on  symptoms  reported  by  the  participant  in  the  question¬ 
naire  and  in  the  reviev-of-systees  section  of  the  physical  exaainatior. 

Second*  there  are  objective  data*  vhich  include  eedical  findings  or  signs 
identified  during  the  physical  examination*  or  by  reviews  of  laboratory 
results,  eedical  records*  and  death  certificates. 

Syeptoas  reported  by  the  study  participants  are  subjective  by  defi¬ 
nition,  and  are  subject  to  influences  that  could  result  in  erroneous  con¬ 
clusions.  An  association  found  between  reported  syaptoau  and  herbicide 
exposure  eust  be  subjected  to  further  confiraation*  as  the  observations  aay 
result  froa  over-  or  under-reporting  bias  and  aay  not  be  indicative  of  a  true 
herbicide  effect.  On  the  other  hand*  the  aedical  findings  data  do  not  suffer 
froa  the  saae  degree  of  participant  influence. 

The  aedical  findings  and  aedical  records  review  vere  conducted  by  highly 
trained  individuals  employed  for  the  duration  of  the  data  collection  and 
assessaent  phases  of  the  study.  They  were  held  to  stringent  QC  standards,  as 
described  in  chapter  6*  to  ensure  that  these  data  wero  as  objective  and 
accurate  a*  possible. 

Incorporated  in  the  study  t'isign  is  a  feature  that  attempts  to  check  for 
and  correct  syaptoa-reporting  errors.  A  key  component  is  a  reported  symptom 
verification  process  conducted  by  reviewing  participant  aedical  records  and 
findings  froa  the  physical  examination.  In  the  retrospective  morbidity 
portion  of  the  study,  the  participant  is  questioned  on  past  illnesses  and 
aedical  conditions.  Vith  the  participant's  consent*  an  effort  is  aade  to 
obtain  the  aedical  records  to  verify  the  reported  condition  and,  thus, 
to  substantiate  any  unverified  conditions.  In  addition,  the  study  design 
includes  verification  of  negative  responses  to  determine  unreported 
conditions.  The  aedical  record  review  process  is  time  intensive  and  only  a 
portion  of  the  data  was  available  for  analysis  in  this  study.  Over-reporting 
vas  assessed  by  comparing  the  reported  illness  rates  with  the  results  of  the 
physical  examination  and  aedical  record  review.  Similarly*  the  assessaent 
and  correction  of  under-reporting  requires  the  review  of  aedical  records  to 
identify  unreported  illnesses.  Obviously*  this  under-reporting  assessaent  is 
restricted  to  conditions  for  vhich  aedical  care  vas  obtained  or  that  vere 
identifiable  at  the  physical  examination. 


STATISTICAL  ISSUES 

In  conducting  the  statistical  analysis  of  the  data  in  this  study,  there 
are  a  number  of  underlying  issues.  Except  for  bias*  vhich  is  the  topic  of 
Chapter  5,  these  issues  are  discussed  in  this  section.  Bovever*  based  upon 
the  results  of  the  bias  analysis  presented  in  Chapter  5,  all  statistical 
analyses  in  the  clinical  chapters  use  the  contrast  of  Ranch  Hands  versus  the 
total  Coaparison  group.  For  the  purposes  of  completeness  and  cross-reference 
to  the  Baseline  report*  identical  analyses  using  the  contrast  of  the  Ranch 
Hands  versus  the  Original  Comparisons  have  been  conducted*  and  these  results 
are  presented  in  the  fora  of  suaaary  tables  in  each  chapter  appendix. 


Intervening  Variables 

Vhen  comparing  ary  two  groups  of  individuals,  tha  axact  proportion  of 
disaasad  individuals  in  aech  group  is  usually  found  to  diffar.  Tha  purpose 
if  classical  statistical  hypo«**evis  tasting  is  to  dataraina  vhathar  tha 
obsarvad  diffaranca  in  disaasa  ratas  could  be  dua  to  chanca  alona.  If  tha 
obsarvad  diffaranca  is  not  attributabla  to  chanca,  tha  two  groups  arc 
considarad  raprasantativa  of  two  truly  difforant  populations. 

If  a  statistically  significant  diffaranca  is  found  batvaan  tha  lanch 
Band  ftoup  and  tha  Comparison  group,  rasults  fro*  nora  rigorous  statistical 
procaduras  oust  ba  axaainad  and  tha  aadical  contaxt  considarad  ha fort  tha 
possibility  of  a  causal  ralationship  batvaan  disaasa  and  group  (axposura)  can 
ba  entertained.  Alternatively,  tha  absanca  of  a  statistically  significant 
diffaranca  batvaan  groups  dots  not  axcluda  tha  possibility  of  a  trua  causal 
ralationship  batvaan  axposura  and  disaasa.  Thus,  group  associations,  vhathar 
significant  or  not,  should  ba  axaainad  vith  adjust nan t  for  othar  variablas 
cal lad  intervening  variablas  (explanatory  variablas,  risk  factors,  or 
covariatas)  that  aay  account  for,  or  aask,  a  trua  effect.  For  example,  tha 
two  groupa  aight  diffar  vith  raspact  to  aga  or  racial  •competition,  each  of 
which  aay  affact  tha  outeoaa  of  tha  study.  To  protact  against  this,  tha 
technique  of  matching  was  us ads  Tha  Ranch  lands  and  Comparisons  vara  matched 
on  aga,  race,  and  military  occupation. 

Sinca  it  is  not  feasible  to  perfectly  match  a  Comparison  to  an  axpoaad 
individual  vith  respect  to  all  important  explanatory  variablas,  statistical 
procaduras  nay  ba  used  to  adjust  for  such  explanatory  variablas  ao  that  valid 
interpretations  can  ba  mads  of  apparent  group  dlffarancas.  Thus,  it  vas 
necessary  to  identify  and  collect  data  on  suspected  explanatory  variablas. 
Unfortunately,  there  is  no  way  to  anaura  that  all  important  intervening 
variables  are  taken  into  account.  The  boat  method  that  can  ba  achieved  is  to 
incorporate  all  known  covariatas  in  tha  data  collection  and  analysis. 

In  most  studies,  covariatas  sra  variablas  measured  prior  to  exposure. 
However,  in  the  AFIS,  except  for  t£e  Batching  variables  and  historical  data 
related  to  events  prior  to  sarvlcs  in  Southeast  Asia,  most  covariate  values 
were  obtained  at  tha  Baseline  or  first  followup  interview  and  physical 
examination,  vhlch  occurred  10  to  20  years  following  exposure.  Those 
covariatas  can  generally  ba  referred  to  aa  time-dependent  cover ietes.  They 
can  elucidate  tha  causal  path  batvaan  exposure  and  a  particular  diseases 
hovaver,  they  are  in  a  Sanaa  both  dependent  r  '4  independent  variables,  and 
therefore,  analyses  involving  such  covariatas  require  careful  interpretation. 

Beside*  covsrlatas,  both  confounding  variables  and  interaction*  must 
also  be  considered.  A  confound inf  variable  is  an  intsrvenlng  variable 
associated  vith  both  diaaaae  and  exposure.  (This  is  in  contrast  vith  s 
covariate  that  is  associated  only  with  disease.)  Adjustments  oust  ba  made 
for  confounding  variablas  to  avoid  a  biased  estimate  of  the  group-disease 
relationship.  An  interaction  exists  when  tha  affact  of  ona  variable  varies 
across  the  levels  of  another  variable.  For  exsnple,  the  group  difference 
eight  ba  large  in  one  occupation  group  and  negligible  in  another.  Incor¬ 
porating  interactions  in  the  analysis  allows  for  the  identification  of 
subpopu  1st ions  at  increased  or  decreased  risk. 
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Conducting  a  statistical  tast  using  a  Typ«  I  error,  also  callad  alpha 
level,  of  0  03  (a  -0.03)  aaans  that*  on  tha  average,  in  3  casas  out  of  100,  a 
falsa  conclusion  that  an  association  (hcrbicida  affact)  axists  vould  ba  made 
vhan  in  reality,  thata  is  no  association.  Tha  other  possible  inference  error 
(callad  a  Type  11  error)  is  that  of  failing  to  detect  an  association  vhan  it 
actually  axists.  Tha  probability  of  r  Type  II  error  (0)  for  a  statistical 
test  is  1  sinus  tha  pover  of  tha  tast.  The  pover  of  tha  tast  is  tha  proba¬ 
bility  that  tha  tast  will  reject  tha  hypothesis  of  no  herbicide  affact  vhen 
an  effect  does  in  fact  exist.  Tha  pover  of  a  tast  depends  on  tha  group 
saapla  sizes,  tha  disease  prevalence  rata,  and  the  true  group  difference 
■aasurad  in  teras  of  relative  risk. 

Table  7-1  contains  tha  approximate  saapla  size  required  to  detect 
specific  relative  risks  vith  an  approximate  pover  of  0.8  (0*0.2)  using  an 
alpha  level  of  0.03  for  a  tvo-sided  tast  and  assuming  equal  Ranch  Hand  and 
Coaparison  group  sisaa  and  unpaired  analyses.  Relative  risk  is  tha  ratio  of 
the  disease  prevalence  rata  of  tha  Ranch  Band  and  Coaparison  groups.  Condi¬ 
tions  or  diseases  vith  coaparison  population  prevalence  rates  and  exposed 
group  relative  risks  corresponding  to  those  below  the  heavy  black  line  on  the 
table  can  be  detected  with  an  approximate  0.8  probability  vith  tha  saapla 
sixes  used  in  this  study. 

Table  7-2  provides  the  saae  information  for  continuoue  variables  in 
teras  of  percentage  Bean  shift  and  variability,  assuming  unpaired  testing  of 
a  normally  distributed  variable  and  equal  saapla  sisca. 

In  the  first  fo.lovup  of  the  AP«S,  1,016  Ranch  Rands  participated  in  tae 
physical  axeaination.  In  this  sisa  group,  the  chance  cf  identifying  zero 
cases  of  a  disease  vith  a  prevalence  of  1/300  or  leas  la  greater  than  10  per¬ 
cent.  Table  7-3  contains  the  probability  of  encountering  no  cases  of  disease 
states  for  cumulative  prevalence  rates  of  1/200,  1/300,  1/1,000,  1/2,000, 
1/5,000,  and  1/10,000. 


Multiple  Rnripolata  end  Comparisons 

In  developing  the  Protect!  for  the  AFRS,  previous  animal  and  epidemio¬ 
logic  studies,  case  repeats,  am.  veterans'  concerns  were  revlevad  to  delin¬ 
eate  the  possible  effects  of  exposure.  The  conclusion  vea  reached  that  a 
comprehensive  evalurtion  vas  nsuded  due  to  the  lack  of  ;*n  easily  identifiable 
symptom  complex  in  individual  patients.  Consequently,  th*  morbidity  study  is 
very  broad  in  scope,  involving  the  collection  and  analysis  of  data  related  to 
general  health  indices  as  veil  as  specific  organ  systems  and  clinical  disease 
categories. 

The  large  nuale**  of  tnd points  under  conaideration  presents  a  difficult 
problem  in  the  asscsoi'ent  of  Type  I  error  rates.  More  th*n  130  dependent 
variables  vara  tested,  not  mention  tests  for  Interaction  end  multiple 
contrasts  among  the  lov,  medium,  and  high  exposure- level  categories  in  the 
exposure  index  >  nelyses.  Furthermore,  the  dependent  variables  vere  cor¬ 
related  to  varying  degrees,  and  this  makes  it  even  more  difficult  to  assess 
the  attained  significance  levels.  To  ollov  for  aultiple  endpoints.  Bon- 
ferroni's  inequality,  which  requires  significance  at  the  a  /K  level  vhere  K 
is  the  number  of  endpoints  considered,  may  be  used,  but  this  procedure 
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Ifll  7-1. 

laqptart  tepia  Ham  1b  Dum  Qcoup  UUtumom 
in  Tm  ffteila  Ttat&m  4— tog  bpad.  teplc  Staa^ 

(Mlatite  Uk  (ttadid«) 


Ococx%yx 
feta  of 

in 


Bolotin  Wjfc  Qtiltipllmtlm  Factor  at  Cocutxanoa  feta  foe  ftqwaad  (ko up) 


Cknttol 

Population 

1.25 

1.30 

2.00 

3.00 

4.00 

5.00 

6.00 

7.00 

B 

a 

■ 

1 

10,330 

2,822,082 

783,901 

235,164 

78,384 

43,544 

29,391 

21,944  17,415  14,393  12,243  10,640 

1 

OTo 

1,410,882 

391,901 

117,5(4 

39,184 

21,766 

H 

8,7C3 

7,193 

6,118 

5,317 

l 

1,000 

281,922 

78,301 

23,484 

7,824 

4,344 

H 

2,187 

1,735 

1,433 

1,218 

1,008 

i 

300 

140, 80S 

39,101 

3,904 

2,166 

1,460 

1,089 

r 

863 

713 

606 

526 

l 

TOO 

27,906 

7,741 

2,316 

768 

424 

284 

211 

167 

137 

116 

100 

1 

30 

13,794 

3,821 

1,140 

376 

206 

137 

101 

79 

65 

54 

47 

*nils  studbr  hna  unaqual  ampl*  rl— >  tharafom,  tha  tablad  valuaa  am  untea  tatad.  Tha  aUdlar  tabla 
in  tha  featUra  Morbidity  Report,  24  Mxuary  1984,  ia  in  amr  bmm  tahnlatad  aa^ila  aiaaa  m 
only  ana-half  of  thalr  comet  valuta. 


7-5 


TABU  7-2. 

lafii  Ample  Sim  To  Detect  Croep  Differences 
ia  Tr^Swfl i  Tontine  Assent  nf  fanplo  Sim* 

(Imb  Shift  Calculations) 


Moon  ohift  Voriobility  ( «/y) 


0.03 

0.10 

0.23 

0.50 

0.75 

o.sx 

1,368 

6,272 

39,200 

136,800 

332,800 

1.0X 

392 

1,568 

39,200 

88,200 

1.3X 

175 

697 

4,336 

17,423 

39,200 

2. OX 

98 

392 

2,430 

22,050 

2.5X 

63 

231 

1,3.18 

6,272 

14,112 

5. OX 

16 

63 

392 

1,368 

3,328 

7.5X 

7 

28 

173 

697 

1,368 

10.0X 

4 

16 

98 

392 

882 

♦This  study  ho*  unoquol  staple  sisos)  thoroforo,  tho  toblod  values  are 
understated.  The  sioilar  table  in  the  Baseline  Morbidity  Report,  24  February 
1984,  is  in  error  because  tabulated  saaple  sises  vara  only  one-half  of  their 
correct  values. 
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TABLB  7-3. 


Probability  of  Zero  Cum  as 
•  Pune t ion  of  Prmlaaci 


Probability  of  Fi 
Zero  C««os  in  s  Group 


DIsomo  Prevalence _ of  1,016  Participants 


1/10,000 

0.903 

1/5,000 

0.816 

1/2,000 

0.602 

1/1,000 

0.362 

1/500 

0.131 

1/200 

0.006 

becomes  increasingly  more  consorvativo  m  tho  correlation  among  tho  endpoints 
increases.  For  the  analysis  results  in  this  report,  an  alpha  lovel  of 
0.05  vas  used  for  each  dependent  variable.  In  addition,  group  contrasts  in 
strata  defined  by  levels  of  a  covariate  involving  in  a  group- by-co^ aria te 
interaction  vote  assessed  by  an  alpha  level  of  O.CS.  The  sane  vas  true  for 
exposure  level  strata. 

In  light  of  the  aultlple-endpoints  problem,  extreme  caution  in  the 
interpretation  of  statistical  results  vas  required.  A  first  consideration 
vas  the  strength  of  the  Msociation  in  teres  of  the  significance  of  the 
relative  risk  or  difference  in  group  naans .  All  associations  with  p-values 
of  0.10  or  less  were  exaained  and  are  described  in  this  report.  Then, 
careful  consideration  vas  given  to  the  pattern  of  statistically  significant 
results.  Vere  only  a  fev  sporadic  endpoints  statistically  significant,  or 
vas  significance  achieved  on  e  nunber  of  endpoints  indicating  the  saae  organ 
systea  failure?  Vere  the  significant  raaults  all  in  iSe  sane  diraction,  and 
did  they  aake  biological  and  clinical  senaa?  Did  they  confirm  previous 
studies,  or  vere  they  nev  findings? 


Paired  Versus  Unpaired  Analyses 

Hatching  subjects  in  a  study  daaign  on  selected  verieblea  improves  the 
comparability  of  the  groups  to  be  coapared  and,  depending  on  the  relationship 
of  the  catching  variables  to  the  study  objective,  the  Batching  can  be  used 
explicitly  in  the  analysis.  In  this  study,  the  Comparison  group  vas  matched 
to  the  exposed  group  on  age  (to  the  nearest  eonth  of  birth),  race  (Black, 
nonblack),  and  occupational  category  (officer-pilot,  officer-navigator, 
officer-nonflyer,  enlisted  flyer,  enlisted  groundcrev).  The  Batching  vas 
exact  for  occupational  category,  nearly  exact  for  raca  (threa  mismatches 
occurred  because  of  recording  errors),  and  very  close  vith  respect  to  age 
(692  of  the  mortality  population  vas  matched  to  the  nearest  month  of  birth 
and  more  thsn  952  to  the  nearest  year  of  birth). 

The  general  approach  in  this  report,  hovever,  vas  to  conduct  unpaired 
analyses  using  ell  eveileble  date,  based  on  stratification  and/or  covariate 
adjustment.  In  an  impaired  analysis,  the  matching  still  serves  to  improve 
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th«  comparability  of  tha  tvo  groups,  and  precision  is  usually  gained  from  tha 
stratification  and  covariata  adjustaant. 


Mortality  and  Morbidity  Data 

Tha  AFHS  incorporated  both  aortality  and  morbidity  sndpoints.  Tha  mor- 
lality  date  have  bMu>  will  continue  to  be,  subjactad  to  saparata  anal¬ 
ysis.  Interpretation  of  tha  aorbidity  analyses  auat  ba  aada  in  tha  light  of 
the  aortality  rasults,  particularly  as  tha  study  continuas  and  tha  nuabar  of 
deaths  incraascs.  Differential  aortality  in  tha  tvo  groups  could  obviously 
have  an  iaportant  iapact  on  contrasts  of  physical  axaaination  findings  in  tha 
surviving  cohorts.  This  issua  vas  axaainad  in  tha  analysis  of  salactad 
disaasas,  for  axaapla,  cancer. 


Outpoints 

Tha  variables  in  this  study  vara  discrata,  catagorical,  or  continuous. 
MAny  served  primarily  as  dapandant  variablas,  and  vhan  in  tha  continuous 
fora,  powerful  analyses  vara  possibla.  In  othar  sat  tings,  particularly  vhan 
log-linear  or  logistic  ragrassion  nodels  vara  fittad,  it  is  oftan  nacassary 
to  dichotoaiza  or  discretize  tha  continuous  variablas.  Dlscratisation,  by 
establishing  suitable  nonovarlapping  intarvals  or  cutpoints,  vas  oftan  the 
rasult  of  a  judgment  requiring  both  statistical  and  clinical  input. 

In  general,  outpoint  decisions  considered  the  fora  of  tha  variabla, 
distribution  of  tha  variabla,  established  values  (c.g.,  cholesterol,  normal- 
abnoraal,  as  specified  by  a  given  technique  in  a  given  laboratory),  scien¬ 
tific  values  set  by  precedence  (e.g.,  systolic  and  diastolic  normal  threshold 
140/90),  and  error  induction  by  another  variable  (e.g.,  usa  of  the  blood 
pressure  threshold  in  obese-araed  individuals).  Tha  approach  to  tha  selec¬ 
tion  of  appropriate  cutpoints  vas  to  select  all  cutpoints  on  a  case-by-casa 
basis  and,  vhara  indicated,  usa  tha  norms  of  tha  SCRF  laboratory. 


Exclusions 


Due  to  aadical  considerations,  cartain  subjacts  vara  axdudad  froa  tha 
analyses  of  selected  clinical  categories.  Tha  exclusions  vara  generally 
defined  in  tha  Baseline  study  and  are  idantifiad  in  tha  clinical  chapters  of 
this  report.  Othar  exclusions  vara  tha  rasult  of  missing  data. 


OVERVIEW  OF  STATISTICAL  PROCEDURES 

This  section  suaaarizas  tha  basic  statistical  approach  used  in  tha  data 
analysis  nf  tha  first  followup  of  the  AFHS.  Tha  approach  consisted  of  four 
parts:  (1;  preliminary  analysis  of  tha  dapandant  variablas  and  cover iatas  to 
check  for  data  anomalies  and  to  obtain  a  general  overview  of  the  data, 

(2)  core  analyses  to  carefully  determine  any  possible  effect  of  hevbicide 
exposure,  (3)  analysis  of  the  exposure  index  to  investigate  the  dose-response 
relationship  for  the  Ranch  Hand  group  only,  and  (4)  longitudinal  analysis  to 
examine  changes  over  tine.  A  summary  of  the  statistical  techniques  utilized 
is  provided  in  Table  7-4.  This  basic  approach  vas  utilized  in  the  analyses 
for  each  clinical  category. 
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TABLE  7-4. 


Summary  of  Statistical  Procaduras 


Chi-Square  Contingency  Table  Test 

The  chi-square  test  of  independence2  is  calculated  for  a  contingency 
table  by  the  following  formula: 

x1  -  Kf.-f.jVf. 

where  the  sum  is  taken  over  all  cells  of  the  contingency  table  and 
fo -observed  frequency  in  a  cell 

f#*expected  frequency  under  the  hypothesis  of  independence. 

Large  values  indicate  deviations  fros  the  null  hypothesis  and  are  tested 
for  significance  by  coopering  the  calculated  X2  to  the  tables  of  the 
chi-square  distribution. 

Fisher's  Exact  Test 

Fisher's  exact  test2  is  a  randomization  test  of  tho  hypo  the.* '  i  of 
independence  for  a  2x2  contingency  table.  Thi.j  technique  is  useful  for 
smell  samples  and  sparse  cells.  This  is  a  permutation  test  based  on  the 
exact  probability  of  observing  the  particular  set  of  frequencies. 

General  Linear  Model  Analysis 

The  form  of  the  general  linear  model1  for  two  independent  varia'  les  is: 


Y  ■  a  +  BlX1  +  BjXj  +  +  t 

where 

Y 

■ 

dependent  variable  (continuous) 

a 

■ 

level  of  Y  at  Xj  •  0  and  X3  ■  0,  i.e.f  the  Intercept 

Vx3 

m 

measured  value  of  the  first  and  second  independent  variables, 
respectively,  which  may  bn  continuous  or  discrete 

m 

coefficient  indicating  linear  association  between  Y  and 
and  X2,  respectively 

Xx,  Y 

m 

coefficient  reflecting  the  linear  interaction  of  X1  and 

xa 

e 

m 

error  term. 

This  model  assumes  that  the  error  terms  are  independent  and  normally 
distributed  with  &  mean  of  0  and  a  constant  variance.  Extension  to 
multiple  independent  variables  and  interaction  terms  is  immediate. 
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TABLE  7-4.  (continued) 


Suauy  of  Statistic*!  Procaduraa 


Linear  regression,  aultiple  regression,  analysis  of  variance,  and 
analysis  of  covariance  are  all  exaaples  of  general  linear  aodel 
analysis. 


Kolmogorov-Smirnov  Distribution  Test 

The  Kolaogorov-Sairnov  (K-S)  test3  is  a  nonparaaetric  procedure  vhich 
assesses  differences  between  the  distribution  of  tvo  saaples.  Specifi¬ 
cally,  the  K-S  procedure  tests  the  hypothesis  that  populations  it.  and  it, 
are  identical  and  is  designed  to  detect  all  possible  deviations  froa 
this  hypothesis.  The  assuaptions  of  the  K-S  test  are  that  the  observa¬ 
tions  froa  the  tvo  saaples  are  autually  independent  and  that  both  sets 
of  observations  are  saaples  froa  the  saae  distribution. 


Logistic  Regression  Analysis 

The  logistic  regression  aodel2'4  enables  a  dichotoaous  dependent 
variable  to  be  aodeled  in  a  regression  fraaevork  with  continuous  and/or 
discrete  independent  variables.  Por  tvo  risk  factors,  such  as  group  and 
age,  the  logistic  regression  aodel  vould  be: 


logit  P  «  a  +  +  djXj  +  |^2XlXj  ♦  c 


where 


P 

logit  P  - 


probability  of  disease  for  an  individual  vith  risk  factors  X 
and  Xa 

In  (P/1-?),  i.e.,  the  log  odds  for  disease 


Xx  ■  first  risk  factor,  e.g.,  group 

X2  -  second  risk  factor,  e.g.,  age. 

The  paraaeters  are  interpreted  as  follovs: 


*2 

('ll 


*  log  odds  for  the  disease  vhen  both  factors  are  at  a  0  level 

*  coefficient  indicating  the  group  effect  adjusted  for  age 
coefficient  Indicating  the  age  effect  adjusted  for  jj roup 

*  coefficient  indicating  the  interaction  between  group  and  age 
»  error  tera. 


In  the  absence  of  an  interaction  -  0),  exp(  \ )  reflects  the 

adjusted  odds  ratio  for  individua?„s  in  Group  1  (X1  »  1)  relative  to 
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TABLE  7-4.  (continued) 


Sunnry  of  Statistical  Procedures 


Group  0  (X1  ■  0).  If  the  probability  of  disease  is  small,-  the  odds 
ratio  will  be  approxiaately  equal  to  the  relative  risk. 

Homogeneity  of  the  odds  ratios  across  different  strata  vas  assessed  by 
the  method  of  Breslov  and  Day. 

Throughout  this  report  the  adjusted  odds  ratios  are  referred  to  as 
adjusted  relative  risks.  Correspondingly ,  in  the  absence  of  covariates 
(i.e.,  unadjusted  analysis)  the  odds  ratios  are  referred  to  as  estimated 
relative  risks. 


Proportional  Odds  Model 

The  proportional  odds  model*  allows  for  the  analysis  of  an  ordered 
outcone  variable.  The  model  assumes  that  the  odds  of  falling  belov  a 
certain  level  rather  than  above  it  for  individuals  at  different  levels 
of  an  independent  variable  X  are  in  constant  ratio.  Por  example,  if  the 
response  tames  one  of  the  four  values  "excellent,"  "good,”  "fair."  or 
"poor,"  and  X  is  a  simple  indicator  variable  designating  group  (Ranch 
Hand  versus  Comparison) ,  then  the  proportional  odds  model  states  that 
the  odds  for  responding  "excel leu''-"  versus  "good,"  "fair,"  or  "poor"  in 
the  Ranch  Hand  group  are  a  multiple,  exp( 0) ,  of  the  corresponding  odds 
in  the  Comparison  group.  Likewise,  the  odds  for  responding  "excellent" 
or  "good"  versus  "fair"  or  "poor"  in  the  Ranch  Hand  group  are  the  sane 
multiple,  exp(f3),  of  the  corresponding  odds  in  the  Comparison  group,  as 
are  the  odds  for  responding  "excellent,"  "good,"  or  "fair"  versus  "poor" 
in  the  tvo  groups.  Thus,  the  model  is  appropriate  whenever  one 
frequency  distribution  is  "shifted  left”  relative  to  another  distri¬ 
bution.  Incorporation  of  other  variables  into  X  allows  the  estimation 
of  proportional  odds  ratios  adjusted  for  covariates. 

Let  the  ordered  response  7  take  values  in  the  range  1  to  K,  and  let 
nA(X),  i-l,...,K,  denote  the  probability  of  responding  at  level  i  for  an 
individual  vlth  covariate  vector  X.  Let  MX)  be  the  odds  that  Y<  j 
given  X j  i.e*. 

il(X)  +  MX)  +  ...  +  MX) 

Kj  (?)  "  l_  ",  j»l,...K-l 

nj+l(X)  +  *j+2(X)  +...+  ^(X) 

The  proportional  odds  model  specifies  that 
(X)  -  Kj  exp(H'X),  for  constant 


TABLE  7-4.  (continued) 
Sunnary  of  Statistical  Procedures 


Thus  the  ratio  of  odds  for  individuals  at  covariate  levels  Xx  and  Xa  is 
MX.) 

— - -  expO'CX,  -  Xj)} 

(X2  ) 

and  depends  only  on  X  -  X.  and  not  on  j. 

Log-linear  Analysis 

Log-linear  analysis2  is  a  statistical  technique  for  analyzing  cross- 
classified  data  or  contingency  tables.  A  saturated  log -linear  model  for 
a  three-way  table  is: 


^,l  +  ^l(i)  +  ^2<j)  +  ^3(k>  +  ^I2(ij>  +  ^23(j,U>  + 


^13(ik)  +  ^123<ijk) 


where 

zijk  *  expected  cell  count 

UMi>  *  specific  one-factor  effect 

U12(lj)  »  specific  two-factor  effect  or  interaction 

ui23Ujki  ■  three-factor  effect  or  interaction 

The  simplest  models  are  obtained  by  including  only  the  significant 
U- terms.  Adjusted  relative  risks  are  derived  from  the  estimated  U- terms 
from  an  adequately  fitting  model. 

McNemar's  Test 

McNemar's  test4  effectively  considers  discordant  pairs  in  which  only  the 
Ranch  Hand  or  only  the  Comparison  member  in  each  pair  experiences  the 
abnormality.  Using  a  chi-square  approximation  with  continuity  correction, 
the  following  statistic  is  used  to  test  whether  the  off-diagonal  entries  are 
evenly  divided: 

,  <  |b-c  |-1)2 

X  .  - 

b+c 

Where  b  and  c  are  the  number  of  pairs  in  which  only  the  Ranch  Hand  is 
abnormal  or  only  the  Comparison  is  abnormal,  respectively.  This  test  is 
compared  to  a  chi- squared  distribution  with  one  degree  of  freedom. 
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TAILS  7-4.  (continued) 


Sunsory  of  Statistical  Procedures 


Tot  for  Linear  Trend 

For  a  kx2  contingency  table  in  vhich  the  k  groups  fall  into  a  natural 
ot'dar,  Aral  tag*  developed  a  tost  for  a  linaar  trend  in  the  proportions.  Let 
P.  denote  the  proportion  of  individuals  in  the  ith  row  possessing  soae 
attribute  (e.g.,  proportion  of  individuals  vith  abnormal  values  at  each  of 
the  thr«M  exposure  level  categories).  A  score,  X, ,  is  assigned  to  each  of 
the  k  levels  of  the  rov  variable,  and  the  regression  coefficient,  ft  of  Pt  <>►•. 
X1  is  estimated.  The  regression  coefficient  is  estiar.ted  in  the  usual  vay 
except  that  Pa  is  weighted  by  the  saaple  sise,  nJ ,  in  each  rov.  ftSE(ft 
provides  a  normal  deviate  for  testing  the  null  hypotheses  of  0*0. 


Fwllii— n  AMlyali 


The  preliminary  analysis  included  the  calculation  of  baaic  descriptive 
erasures  for  the  dependent  and  independent  variables  (covarlates),  for  each 
group  (Ranch  Band  and  Coaparison).  The  descriptive  neaaures  included 
frequency  distributions,  hi at of rasa,  seen,  aedian,  standard  deviation,  and 
range.  These  analyses  provided  an  overview  of  each  variable  and  the 
relationship  of  the  Ranch  Band  group  to  the  Coaparison  group.  In  addition, 
the  preliainary  analysis  provided  insight  for  the  construction  of  coaposite 
variables,  the  plausibility  of  noraal/abnoraal  Halts  and  cutpoints,  and  the 
choice  of  possible  transformation*  to  enhance  the  noraality  of  the  distri¬ 
bution  of  continuous  dependent  variables. 

Another  purpose  of  the  preliainary  analysis  vas  to  exaaine  the  relation¬ 
ship  between  the  covariates  and  the  dependent  variables  and  the  relationships 
between  and  among  the  covariates.  To  accoaplish  this,  cross  tabulations  of 
discrete  variables  vere  constructed  and  analysed  by  the  chi-square,  or 
Fisher's  exact  test.  Por  continuous  variables,  siaple  t-tests  of  group 
differences  were  done  and  product -aoaent  correlation  coefficients  were 
computed.  The  preliainary  analyses  were  accomplished  with  the  use  of  the 
SAS+.  Selected  covariate  tables  are  presented  in  the  clinical  chapters  for 
illustration. 


Cora  Analysis 

The  core  analysis  consisted  of  a  series  of  steps  taken  to  ascertain 
whether  or  not  the  data  indicated  a  significant  difference  between  the  Ranch 
Hand  and  Coaparison  groups  for  each  dependent  variable. 

Both  unadjusted  and  adjusted  analyses  vere  performed  and  are  presented 
for  each  clinical  chapter.  Unadjusted  analyses  are  siaple  contrasts  betveen 
the  Rat—h  Hand  and  Comparison  groups  of  the  naan  values,  or  proportion  vith 
abnormal  values,  of  each  dependent  variable,  by  t-tests,  one-way  analysis  of 
variance,  Fisher's  exact  test,  or  chi-square  tests,  as  appropriate.  Adjusted 
analyses  take  into  account  important  covariates  in  the  assessment  of  possible 
group  differences,  i.e.,  the  covariates  are  included  in  the  general  linear, 
logistic  regression,  proportional  odds  models,  or  log-linear  aodels. 


Continuous  Dependent  Variables 

When  the  dependent  variable  vus  continuous,  the  general  linear  aodels 
(GLH)  procedure  of  SA$*  vas  i  sed  to  fit  a  model  of  the  dependent  variable  in 
terms  of  the  group  indicator  (Ranch  Band  or  Coaparison)  and  spproprista 
ccvarictes,  and  interaction!  betveen  covariates.  The  covariates  could  be 
continuous  or  categorical  variables.  If  necessary,,  the  dependent  variable 
vas  transformed  prior  to  analysis  by  a  transformation  (e.g. ,  logarithm)  to 
enhance  normality  of  its  distribution.*  When  a  "best"  modal  vas  fitted, 
according  to  the  strategy  outlined  below,  the  test  for  significance  of  the 
group  difference  vas  then. dona  on  the  adjusted  group  aesns,  provided  there 
vere  no  significant  interactions  betveen  the  group  indicator  end  any  of  the 
covarlates.  Group  differences  in  the  presence  of  interactions  vers  ssssssed 
using  stratification  by  diffsrent  levels  of  the  coveriete(s)  involved  in  the 
interaction  or  estiaation  of  group  differences  at  selected  covariate  levels 
using  the  best  aodel  identified. 
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For  som  non-normally  distributed  dependent  variables,  the  Kolmogorov- 
Smirnov1  (K-S)  test  of  significant  differences  between  the  distributions  of 
the  variables  in  the  tvo  study  groups  vas  conducted.  The  K-S  test  is  a 
nonparaaetrlc  test  for  the  equality  of  tvo  distributions  designed  to  detect 
broad  classes  of  alternatives. 


Categorical  Dependant  Variables 

Discrete  dependent  variables  were  analysed  by  Mthoda  parallel  to  those 
used  for  continuous  variables.  For  dichotonous  variables,  logistic 
regression  vas  carried  out  by  the  program  BMDP+-LR;  for  this  analysis,  the 
covariates  could  be  either  continuous  or  discrete.  For  polychotonous 
dependent  variables,  where  the  number  of  categories  vas  three  or  nore, 
log-linear  modeling  vas  performed  by  the  use  of  the  program  BMDF+-4F,  by 
incorporating  the  full  (k)-factor  interaction  term  involving  the  (k) 
covariates  used  in  the  model.  For  this  type  of  analysis,  all  covariates  had 
to  be  categorized.  The  models  vere  fitted  by  the  method  of  maximum 
likelihood. 

To  make  the  results  parallel  to  those  obtained  by  logistic  regression, 
i.e.,  because  of  the  distinction  between  dependent  and  independent  variables, 
the  marginals  vere  fixed  in  the  model,  effectively  converting  the  log-linear 
model  into  a  logit  model.  The  significance  of  the  relative  risk  for  group 
vas  determined  by  examination  of  the  appropriate  model,  as  determined  by  the 
study,  that  includes  all  statistically  significant  effects  and  the  group 
indicator  or  by  examination  of  the  significant  interactions.  Adjusted 
relative  risks  vere  derived  from  the  coefficients  of  the  appropriate  model. 


Modeling  Strategy 

In  each  clinical  category,  many  covariates  vere  considered  for  inclusion 
in  the  statistical  models  for  adjusted  group  contrasts.  The  large  number  of 
such  covariates  and  consequent  interaction  terns  and  the  resulting  difficul¬ 
ties  of  interpretation  forced  the  adoption  of  a  strategy  for  identifying  a 
moderately  simple  model  involving  only  significant  effects.  Interpretation 
of  possible  group  differences  vas  then  made  in  the  context  of  this  simple 
model.  A  schematic  representation  of  the  generalised  modeling  strategy  is 
provided  in  Appendix  B. 

An  initial  model  including  all  tvo-factor  interactions  and  all  three- 
factor  interactions  involving  group  vas  examined.  Global  tests  at  the 
0.15  level,  or  individual  tests  at  the  0.05  level,  vere  used  to  screen  out: 
unnecessary  three-factor  interactions.  A  hierarchical  stepwise  deletion 
strategy  vas  then  used,  eliminating  effects  vlth  p>0.05  (except  the* main 
group  effect)  and  retaining  lover  order  effects  if  involved  in  higher  order 
interactions,  to  result  in  the  simplest  model.  Interactions  between 
covariates,  if  significant,  vere  retained  as  effects. 

The  analysis  vas  carried  jut  by  different  statisticians,  and  there  are 
necessarily  subtle  differences  between  them  in  presentation  and  approach. 
This,  however,  should  not  affect  any  of  the  final  conclusions  as  to  group 
differences.  In  some  chapters,  for  instance,  adjusted  grou^>  means  are 
presented,  and  in  others  the  differences  between  the  adjusted  group  means  are 
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presented.  In  each  cut,  the  ium  conclusion  nay  bo  drown  sinco  the  statis¬ 
tic  of  ralawanca  is  tho  diffaranca  bam  an  tha  adjust  ad  group  naan  and  tha 
associatad  p-valua.  Pur that,  if  an  intaraction  of  group  with  a  continuous 
covariata  was  found,  two  squally  valid  aathods  vara  us ad  to  illustrata  hov 
tha  intaraction  vas  arising.  Ona  aathod  vas  to  catagorlsa  tha  continuous 
covariata  and  dascribs  tha  group  diffarancas  within  aach  (covariate-defined) 
stratus.  Another  tachniqua  vas  to  prasant  group  diffarancas  for  savaral 
selected  valuas  of  tha  covariata.  Further,  in  tha  prasanca  of  saall  frequen- 
cias  of  abnormalities,  axposura  indax  analysas  vara  occasionally  carriad  out 
using  only  tha  aain  offsets  nodal  (i.a.,  using  group  and  all  tha  covarlates 
but  not  including  Intaraction  tarns). 

It  is  racognisad  that,  dua  to  tha  largo  n unbar  of  group-by-covariata 
interactions  axaninad  (up  to  7  par  da pendant  variable)  for  sons  ISO  vari¬ 
ables,  sons  of  tha  group-by-covariata  interactions  judged  significant  at  tha 
0.0S  level  nay  be  spurious,  i.a.,  chance  occurrences  and  not  of  biological 
relevance.  This  is  analogous  to  tha  concept  of  Type  I  error  for  a  tvo-sanplc 
adjusted  contrast. 

Vhen  savaral  covariates  are  used  in  an  adjusted  analysis  of  tha  group 
contrast  for  a  single  dependant  variable,  and  aach  group-by-covariata 
intaraction  is  tasted  at  tha  0.05  level,  tha  chance  of  finding  at  least  ona 
that  is  statistically  significant  is,  of  coursa,  greater  than  0.0S|  this  is 
assualng  that  there  is  no  group  affect  or  group-by-covariata  intaraction. 

"iv  such  greater  depends  on  tha  interrelatedness  of  tha  covarlates  and  their 
association  with  the  dependant  variable. 

For  a  study  of  this  sisa,  vith  many  interrelated  dependant  variables 
being  axaninad,  it  la  not  known  hov  to  astlaata  tha  nuaber  of  group-by- 
covariata  interactions  that  nay  be  dua  to  chance  alone.  However,  this 
frequency  dearly  vlll  be  nore  than  S  percent.  It  is  noted  that  this  concept 
should  be  considered  when  significant  group-by-covariata  interactions  are 
inte,:eted.  Furthar,  it  is  important  that  tha  sisa  of  tha  p-valua 
associatad  vith  aach  group-by-covariata  intaraction  be  carefully  veighed,  as 
sh<’"'d  be  tha  pattern  of  tha  Intaraction  findings  for  related  dependant 
\  A.  Mas. 


BXft  MM  DUX  ANALYSIS 

As  described  in  Chapter  8,  the  axposura  indax  vas  constructed  to  portray 
the  Iqv  1  of  dose  of  tha  herbicide  for  tha  Ranch  Hand  or  exposed  group  only. 
Exposure  indax  analyses  vara  conducted  on  all  dependant  variables.  Tha 
cbje*  -a  of  the  analysas  vas  to  determine  if  there  vas  a  difference  in  tha 
levels  of  tha  dependant  variable  corresponding  to  tha  levels  of  tha  exposure 
indax . 

Tha  exposure  indax  vas  trichotoalzed  as  high,  medium,  and  lov, 
separately,  for  aach  of  tha  three  occupational  groups!  officer,  enlisted 
flyer,  enlisted  groundcrev.  Thus,  separata  analysas  vara  conducted  for  each 
occupational  cohort.  Discrete  dependant  variables  vara  evaluated  using 
log-linear  and  logistic  regression  models,  treating  axposura  level  as  a 
categorical  variable  (by  means  of  tvo  indicator  variables)  and  adjusting  for 
covariatas.  For  continuous  dependant  variables,  a  general  linear  modal  vas 
fit,  adjusting  for  covariates  and  using  tvo  indicator  variables  to  designate 
exposure  level.  Contrasts  betveen  medium  and  lov,  and  between  high  and  lov 
exposure  levels,  vere  also  examined. 
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UXKTnDDUL  UULTSB8 


Another  objective  or  the  AFHS  is  to  obaerve  the  Ranch  Band  population 
and  the  Comparison  group  carefully  over  tlee  for  the  emergence,  or  delete¬ 
rious  rate  change,  of  symptoms,  signs,  laboratory  pareaoters,  or  frank 
disease.  This  follovup  objective  is  not  vithout  scieniific  and  logistic 
challenge,  considering  Mobile  populations,  probleas  of  loss  to  study, 
changing  laboratory  Methods  and  diagnostic  criteria,  and  the  diversity  of 
aany  changing  factors  over  a  period  encoapassing  numerous  follovup 
examinations.  The  following  sections  describe  the  statistical  procedures 
used  for  both  continuous  and  categorical  longitudinal  data. 


Continuous  Data 

A  repeated  aeasureaents  analysis  of  variance  procedure10  was  used  to 
analyse  tho  variables  Measured  on  a  continuous  scale.  The  aodel  for  the 
dependent  variable  (T)  aaaauresat1 1  on  the  kth  participant  (**)  iu  the  ith 
group  (a^)  ut  the  jth  tine  (ftj)  is  as  follows: 

Tm  -  »  ♦  «\  ♦  \n>  *  #)  *  *  *u» 

The  sources  of  variation  and  associated  degrees  of  freedoa  are  given 
below: 


Source 

Degrees  of  Freedoa* 

Group  (Ranch  Hand  vs.  Coaparison) 

1 

Subject/Group 

2,108 

Tiae  (Baseline  vs.  Follovup) 

1 

Group-by-Tiae 

1 

( Sub j ec t-by-Tiae ) /Group 

2,108 

* Based  on  971  Ranch  Bands  and  1,139  Comparisons. 


The  pr leery  source  of  interest  is  the  group-by-tiae  interaction 
With  aeesureeents  on  each  participant  at  only  tvo  tines  (Baseline  and 
followup),  a  teat  on  this  interaction  is  equivalent  to  a  test  on  the  equality 
of  aean  differences  (Baseline  minus  fcllovup)  between  the  Ranch  Hand  and 
Coaparison  groups. 

Care  must  be  taken  in  the  interpretation  of  the  main  effect,  ties  (fl, ) 
(i.e.,  overall  Baseline  nean  versus  overall  follovup  aean).  This  effect  is 
totally  confcunded  with  laboratory  differences,  and  with  over  2,000  partici¬ 
pants,  "significant  differences”,  cone  easily. 

The  source  of  variation  due  to  group  (O  reflects  a  difference  between 
the  overall  Ranch  Hand  and  Coaparison  Beans  (averaged  over  both  times).  This 
source  should  coapleeent  the  group  difference  findings  at  Baseline  and  at 
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follovup,  provided  the  group  changes  were  consistent  (no  eignlf leant  group- 
by-tine  lntereetlcn).  All  available  pertlclpenta  vere  used  at  each  Baaellne 
and  follovup  analysis,  while  only  the  participants  ulth  both  aeaaureaents  are 
Included  In  the  repeated  neaaurenent  analysis. 

Covariates  vere  not  used  in  these  analyses.  Generally,  ties- independent 
(a.g.,  year  of  birth)  and  tiae-d a pendent  (e.g.,  saoking)  covariates  can  be 
used.  Only  the  tine -dependent  covariates  would  affect  the  priaary  source  of 
interest,  namely  the  group- by-time  interaction.  Bence,  all  of  the  previously 
considered  tine- Independent  covariates  would  affect  only  the  sain  group 
effect,  a  source  cot  of  priaary  interest  since  it  is  being  considered  in  the 
separate  cross-sectional  analyses. 


Categorical  Data 

Frequently,  data  vere  collected  as  no real -abnormal,  or  continuous 
measurements  vere  discretized  into  this  binomial  response.  For  each  Ranch 
Bond  and  Comparison  group,  a  Baseline  versus  follovup  2x2  (normal-abnormal) 
table  of  frequencies  was  prepared  (paired  data)> 


Followup 

Ranch  Band  Comparison 

Abnormal  Normal  Abnormal  Normal 


Abnormal 

Baseline 

Normal 


Abnormal 

Normal 


As  with  the  McNemar  test,  only  the  Abnormal -^Normal  and  Normal -^Abnormal 
off-diagonal  data  vera  used  in  further  contrasts.  A  conventional  X2  test  was 
used  to  test  the  null  hypothesis  of  e  conpareble  change  pet t ere  for  the  two 
groups  (unpaired  data). 


Change  Pattern 
Normal-  Abnormal 
Abnormal  Normal 


Ranch  Band 

Group 

Comparison 


This  test  is  equivalent  to  testing  no  group- by- t iae-by-endpoint  interaction 
in  a  aatched  pair  analysis. 
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CVETB  « 

npo sou  me 


This  chapter  describes  the  development  of  the  exposure  index  of  the 
AFHS.  Portions  of  this  chapter  are  paraphrased  froa  the  Baseline  Morbidity 
Report ,  24  February  1984. 

An  increases  incidence  of  adverse  health  effects  at  higher  levels  of 
exposure  represents  a  classic  increasing  dose-response  relationship.  The 
potential  relationship  of  clinical  endpoints  vith  herbicide  exposure  can  be 
tested  using  an  estimate  of  exposure,  hereinafter  called  an  exposure  index, 
for  each  momber  of  the  Ranch  fluid  cohort  of  the  AFHS.  However,  due  to  a 
variety  of  biomedical  mechanisms,  there  can  be  exceptions  to  the  hypothesis 
of  a  consistently  increasing  dose-response  relationship. 

An  index  of  potential  axposura  to  any  of  four  TCDD-containlng  herbicides 
from  fixed-wing  spray  missions  vaa  constructed  for  each  Ranch  Hapd  froa  the 
available  historical  data.  The  index  serves  as  an  estimate  only,  since  the 
actual  concentration  of  TCDO  in  the  herbicides  varied  froa  lot  to  lot  and 
individual  assessments  of  actual  body  burden  cannot  be  made.  The  four  TCDD- 
containlng  herbicides  used  in  the  development  of  the  index  are  Herbicide 
Orange,  Herbicide  Purple,  Herbicide  Pink,  and  Herbicide  Green.  The  exposure 
index  vaa  designed  to  correlate  as  closely  as. passible  vith  exposure  and  is 
not  an  exact  measure  of  actual  individual  exposures.  Although  the  index  con¬ 
tains  errors  vh«.  used  to  assess  the  exposure  of  a  specific  individual,  it 
provides  some  degree  of  useful  Inference  for  groups  of  siallarly  exposed 
individuals.  In  summary,  the  exposure  index  in  the  AFHS  is  a  surrogate 
indicator  of  TCDO  exposure. 

The  exposure  index  developed  for  the  Baseline  study  and  used  in  this 
report  is  defined  in  Table  8-1. 

The  exposure  index  for  the  ith  subject,  denoted  B.,  is  defined  as  the 
product  of  the  TCDO  weighting  factor,  the  gallons  of  TCDD-cootalning 
herbicide  sprayed  in  the  Republic  of  Vietnam  theater  during  the  tour  of  the 
ith  subject,  and  the  inverse  of  the  number  of  men  sharing  the  subject's 
duties  during  the  tour  of  the  ith  subject.  Inch  of  these  factors  is 
described  below. 

The  TCDO  weighting  factor  reflects  the  estimated  relative  concentration 
of  TCDO  in  the  herbicides  sprayed.  The  estimated  mean  concentrations  of  TCDO 
in  Herbicide  Orange,  Herbicide  Purple „  Herbicide  Pink,  and  Herbicide  Green 
ere  2  parts  per  million  (ppm),  33  ppm,  66  ppm,  and  66  ppm,  respectively. 
Archived  samples  of  Herbicide  Purple  indicate  a  mean  concentration  of 
approximately  33  ppa,  and  samples  of  Berbicide  Orange  had  a  mean  concen¬ 
tration  of  about  2  ppa.  Since  Herbicide  Pink  and  Herbicide  Green  contained 
twice  as  much  2,4,5-T  as  Herbicide  Purple,  the  moan  concentration  of  TCDO  in 
these  two  herbicides  was  approximately  66  ppa.  Based  on  procurement  records 
and  dissemination  information,  a  combination  of  Berbicide  Green,  Herbicide 
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TABLE  8-1. 


Algorithm  for  Exposure  Index 


8t  - 


jTCDO 
{Weight  i 
(factor 


Gallons  of  TCDD- 

f  1 

) 

Containing  Herbicide 

Number  of  Hen  vith  Subject's 

r  x 

Sprayed  in  the  RVN 

-  *  ' 

Duties  in  the  RVN  Theater  During 

) 

Theater  During  the  j 

the  Tour  of  the  ith  Subject 

Tour  of  the  ith  Subject J 

where  E  -  Exposure  Index  for  the  ith  Subject 


(  24.0  if  before  1  July  1965 

TCDD  Weighting  Factor  -  l  1.0  if  on  or  after  1  July  1965 


Since  prior  to  1  July  1965  a  combination  of  Herbicides  Green,  Pink,  and 
Purple  with  a  mean  concentration  of  48.0  ppe  was  sprayed,  and  after 
1  July  1965  only  Herbicide  Orange  with  a  mean  concentration  of  2  ppe  vas 
sprayed,  the  ratio  is  then  48:2  or  24:1. 


Gallons  of  TCDD-Contalning 
Herbicide  Sprayed  in  the 
RVN  Theater  During  the 
Tour  of  the  ith  Subject 


Number  of  Gallons  of  Herbicides  Orange, 
Green,  Pink,  and  Purple  Expressed  in 
Herbicide  Orange  Equivalent  Gallons 
Based  on  Mean  Concentration  of  TCDD 


Using  the  following: 
Herbicide 


Mean  Concentration  (ppe) 
of  TCDD 


Green 

Orange 

Pink 

Purple 


66 

2 

66 

33 


t 


Number  of  Hen  vith  Subject's  'j  [Number  of  Personnel 

Duties  in  the  RVN  Theater  During >  -  {in  the  Same 

the  Tour  of  the  ith  Subject  )  (Occupational  Category 


Source:  Baseline  Morbidity  Report,  24  February  1964. 


i 
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Pink,  ami  Herbicide  Purpla  vas  sprayed  batvaan  January  1962  and  1961.  Tha 
aatiaatad  aaan  concantration  of  TCDD  for  this  tiaa  vaa  48.0  ppa,  using 
availabla  data  on  tha  number  of  gallons  procurad  and  sprayed. 

Tha  Barba  Tapa  and  othar  data  aourcaa1  mdicata  that  only  Herbicide 
Oranga  vaa  diaaaainatad  aftar  1  July  1965.  Normalising  to  Barbicida  Qranga, 
tha  vaighting  factor  bacoaaa  24.0  bafora  1  July  1965  and  1.0  aftar 
1  July  1965. 

Using  tha  Earba  Tapa,  Contaaporary  Historical  Evaluation  and  Coabat 
Oparations  (CHBCO)  Raports,  and  quartarly  oparationa  reports,  a  tabla  of 
gallons  of  TCDD-containing  barbicida  sprayed  for  aach  month  of  t>  operation 
vaa  constructed.  Gallona  of  Barbicidas  Purpla,  Pink,  and  Graan  vara 
converted  to  Barbicida  Oranga  equivalent  gallons  baaed  on  tha  TCDD  vaighting 
factor  of  24.0.  This  information  is  provided  in  Tabla  P-1  of  Appendix  P. 

Tha  dates  and  occupational  category  of  each  Ranch  Band's  tour(a)  in  the 
Republic  of  Vietnam  vara  obtained  by  a  manual  reviav  of  military  records. 

The  study  design  specified  five  occupational  categories*  (1)  officer-pilot, 
(2)  officer-navigator,  (3)  officer-nonflying,  (4)  enlisted  flyer,  and  (5) 
enlisted  groundcrav.  Based  on  the  reviav  of  the  records,  tha  Ranch  Hand 
manning  for  each  occupational  category  by  month  vaa  compiled.  This 
information  is  also  presented  in  Tabla  P-1  of  Appendix  P. 

A  numeric  exposure  index  reflecting  tha  affective  number  of  gallons  of 
Herbicide  Oranga  to  vhich  aach  individual  vas  potentially  exposed  vaa  com¬ 
puted.  For  tha  purpose  of  analysis,  tha  values  vara  categorised  as  high, 
aediua,  or  lev  for  aach  occupational  category.  Only  three  occupational 
categories  were  used.  The  three  officer  categories  vara  combined  into  one 
since  pilots  and  navigators  vara  exposed  in  tha  same  manner  and  tha  officer- 
nonflying  category,  which  included  a  relatively  small  number  of  participants, 
consisted  of  edministrators  whose  exposure  vas  considered  to  be  essentially 
sero.  The  overall  group  of  "nonex posed"  Ranch  Bands,  estimated  at 
approximately  2  percent  of  the  Ranch  Band  group,  vas  analysed  in  the  lov 
exposure  category  (see  Table  8-2),  conceivably  leading  to  dilution  of  the 
exposure  analyses  and  group  contrasts.  The  exposure  index  categorisations 
developed  for  the  Baseline  study  and  used  in  this  report  are  provided  in 
Table  8-2,  along  vith  the  frequencies  of  Ranch  Hand  participants  by 
occupation  and  exposure  level. 

The  current  exposure  index  is  not  specific  to  job  and,  therefore,  nay 
underestimate  exposure  for  those  individuals  vhose  jobs  required  routine 
handling  of  herbicide.  Por  example,  maintenance  schedules  for  the  aircraft 
herbicide  spray  tank  required  that  an  emergency  dump  valve  be  periodically 
greased,  requiring  entry  into  the  tank.  The  current  exposure  index  cannot 
distinguish  betveen  men  vho  received  such  exposure  and  nen  vho  did  not.  The 
extent  to  vhich  individuals  are  aisclassified  by  the  current  exposure  index 
is  not  knovn,  precluding  bias  calculations  at  this  time. 

Because  of  the  acknowledged  imprecision  of  the  exposure  index,  Air  Force 
efforts  are  under  way  to  develop  new  perspectives  of  exposure.  One  effort  is 
the  construction  of  a  nev  questionnaire  for  the  459  enlisted  groundcrev  per¬ 
sonnel  that  may  permit  more  accurate  exposure  analyses  vithin  this  category. 
Another  approach  is  the  measurement  of  serum  dioxin  levels. 
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TABLE  8-2. 


Exposure  Index  Categorisation  of 
1,016  Compliant  Ranch  Banda 


Effective 

Herbicide  Orange  Number  of  Ranch  Hand 
Exposure  Gallons  Corresponding  Participants 
Occupational  Group  Category  to  Exposure  Category  in  Exposure  Category 


Officer 

Lov 

<35,000 

127 

Medium 

35,500-70,000 

130 

High 

>70,000 

123 

Enlisted  Flyer 

Lov 

<50,000 

55 

Medium 

50,500-85,000 

65 

High 

>85,000 

57 

Enlisted  Groundcrev 

Low 

<20,000 

154 

Medium 

20,500-27,000 

163 

Total 

High 

>27,000 

142 

1,016 

The  Air  Force  currently  is  conducting  a  pilot  study  in  conjunction  vita 
the  laboratories  of  the  Centers  for  Disease  Control,  Atlanta,  Georgia,  to 
determine  levels  of  TODD  in  serum  and  to  establish  the  validity  of  exposure 
differential  vlthin  the  Ranch  Hand  and  Comparison  groups.  This  study  is  in 
accordance  with  the  Study  Protocol  commitment  to  estimate  dosage  of  TCDD  as 
accurately  as  current  technology  permits.  If  successful,  use  of  time- 
adjusted  TCDD  levels  vould  permit  more  accurate  exposure  analyses  vithin  the 
Ranch  Hand  group.  Perhaps  of  most  importance,  accurate  TCDD  levels  vithin 
the  Ranch  Hand  group  could  standardize  exposure  to  a  comparable  baseline  for 
all  participants.  Thus,  the  use  of  adjusted  TCDD  levels  will  place  the 
exposure  concepts  on  a  firm  scientific  basis,  and  if  herbicide  effects  exist, 
they  can  be  discerned  more  accurately. 
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GJNBAL  HEALTH 


INTRODUCTION 

The  effects  of  heavy,  acute  exposure  to  TCDD  have  been  demonstrated  in  e 
number  of  different  organ  systems.  It  is  plausible,  therefore,  that  chronic 
lov-ooae  exposure  to  TCDD  night  induce  subtle,  interrelated  effects  that  are 
organ-system  specific,  but  are  manifest  only  in  general  terms,  or  affect 
the  state  of  "veil-being."  However,  it  is  difficult  to  measure  overall 
health  objectively,  and  for  this  reason  general  health  outcomes,  as  defined 
by  this  study,  should  be  judged  in  context  vith  other  more  specific  clinical 
endpoints.  (It  should  be  noted  that  "general  health"  outcomes  have  not 
traditionally  been  considered  in  other  dioxin  morbidity  studies.) 


Baseline  Summary  Results 

Five  general  health  variables  were  included  in  the  Baseline  examination: 
self-perception  of  health,  appearance  of  Illness  or  distress,  relative  age, 
sedimentation  rate,  and  percent  body  fat.  In  the  analysis  of  the  1982  Base¬ 
line  examination  data,  a  statistically  significant  difference  vas  found 
betveen  the  Ranch  Hand  and  Comparison  groups  in  self-perception  of  health, 
with  a  greater  percentage  of  Ranch  Hands  reporting  their  health  as  fair  or 
poor  than  Comparisons.  This  vas  true  in  both  the  younger  and  older  age 
groups  ( p«0.017  and  p-C  025  for  individuals  40  or  less  and  more  than  40  years 
of  age,  respectively).  The  relative  risk  of  the  Ranch  Hand  group  vas  also 
somewhat  greater  in  the  younger  subgroup  than  in  the  older  subgroup  (1.8  and 
1.4,  respectively).  Since  only  9  of  1,811  individuals  vere  reported  by  the 
examining  physician  as  appearing  ill  or  distressed,  this  designation  vas 
apparently  reserved  for  only  very  ill  or  distressed  individuals.  Neverthe¬ 
less,  8  of  the  9  individuals  vere  Ranch  Hands,  the  difference  being  of 
borderline  significance  (p«O.056).  Conversely,  more  Ranch  Hands  than 
Comparisons  vere  reported  by  the  examiners  as  appearing  younger  than  their 
actual  ages  (4.9Z  versus  2.5X,  p-0.029).  No  overall  differences  in  percent 
body  fat  or  sedimentation  rate  vere  found,  although  a  significant  interaction 
betveen  age,  group,  and  sedimentation  rate  vas  noted;  younger  exposed  group 
members  had  fever  sedimentation  rate  abnormalities  than  did  their  Compari¬ 
sons,  vhereas  no  difference  vas  found  in  participants  more  than 
40  years  old.  No  statistically  significant  dose-response  relationships  vere 
detected  in  the  Ranch  Hand  group. 


Parameters  of  the  1985  General  Health  Assessment 


Variables  of  the  Baseline  examination  (self-perception  of  health, 
appearance  of  illness  or  distress,  relative  age,  sedimentation  rate,  and 
percent  body  fat)  vere  analyzed  for  the  third  year  follovup  effort. 
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As  an  assessment  of  the  general  health  status  of  each  individual,  three 
subjective  measures  vere  made  as  veil  as  tvo  sore  objective  measures.  During 
the  health  interview  each  study  participant  was  asked,  "Compared  to  other 
people  your  age,  would  you  say  that  your  health  is  excellent,  good,  fair,  or 
poor?"  This  self-assessment  of  health  is  susceptible  to  varying  degrees  of 
conscious  and  subconscious  bias.  The  examiner  recorded  the  appearance  of 
illness  or  distress  (yes/no)  and  noted  the  appearance  of  the  subject  as 
younger  than,  older  than,  or  the  same  as  his  stated  age.  To  the  degree  that 
the  examining  physicians  vere  kept  blind  to  the  study  subject's  group  member¬ 
ship  (Ranch  Hand,  Comparison),  their  assessments  vere  less  subject  to  bias. 

The  tvo  objective  measures  vere  percent  body  fat,  calculated  from  the 
body  mass  index,  and  the  erythrocyte  sedimentation  rate.  Although  both 
variables  are  rather  indirect  measures  of  the  general  state  of  health,  they 
are  accepted  indicators  of  poor  health. 

The  adjusted  statistical  analyses  belov  accounted  for  differences  asso¬ 
ciated  vith  age,  race,  and  occupation.  In  the  analysis  of  self-perception  of 
health  and  sedimentation  rate,  adjustment  vas  a.»so  made  for  personality 
score,  determined  from  the  Jenkins  Activity  Survey.  This  is  a  continuous 
variable  derived  by  means  of  a  discriminant-function  equation  based  on  items 
that  best  discriminate  men  judged  to  be  Type  A  from  those  judged  as  Type  B. 
Positive  scores  reflected  the  Type  A  direction  and  negative  scores  the  Type  B 
direction.  Table  G-l  of  Appendix  G  gives  the  distribution  of  the  covarlates 
in  the  Ranch  Hand  and  Comparison  groups.  Age,  race,  and  occupation  vere 
distributed  similarly  in  the  tvo  groups  (due  to  matching),  and  personality 
scores  vere  also  not  significantly  different. 

Aside  from  the  subjective  nature  and  potential  bias  in  the  self-reported 
perception  of  health,  no  specific  issues  related  to  assessment  methodology 
require  further  comment.  No  individuals  vere  excluded  from  analysis,  except 
those  vith  missing  data. 

Chi-square  tests  and  logistic  regression  models  vere  applied  to  the 
categorical  data.  The  sedimentation  rate  vas  normalized  by  logarithmic 
transformation.  The  proportional  odds  model  vas  also  used  for  ordinal  data 
provided  by  the  self-perception  of  health  and  relative  age  variables. 

Fisher's  exact  test  vas  applied  to  the  reporting  of  illness  or  distress  by 
the  examining  physician  because  of  the  small  number  of  cases  who  vere 
classified  as  "ill."  A  tvo-sauple  t-test  vas  used  to  assess  differences  in 
unadjusted  group  means,  followed  by  multiple  regression  analysis  to 
incorporate  covariates,  for  percent  body  fat  and  sedimentation  rate. 


RESULTS  AND  DISCUSSION 


Subjective  Assessments 


Self-Perception  of  Health 

Each  participant  vas  asked  to  designate  his  health  as  excellent,  good, 
fair,  or  poor.  The  frequency  distributions  of  self-perception  of  health  for 
each  cohort  are  given  in  Table  9-1. 
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TABLI  9-1- 


Ohadjoatad  iaalyiii  for  Self-Perception 
of  Health  by  Group 


_  Self-Ferception  of  Health _ _ 

jjxcmjUUmt  Good _ Fair _ Poor 


Group 

Number 

Percent 

Number 

Percent 

Number 

Percent 

Number  Percent 

Total 

Ranch  Hand 

490 

48.2 

434 

42.7 

74 

7.3 

18 

1.8 

1,016 

Comparison 

674 

52.1 

525 

40.6 

81 

6.3 

13 

1.0 

1,293 

p^).14 


Th«  summarised  data  in  Table  9-1  show  that  a  higher  percentage  of  Ranch 
Hands  perceived  their  health  to  be  fair  or  poor  (9. IX)  than  the  Coaparisons 
(7. 3X),  although  this  difference  vas  not  statistically  significant  (Bst.  RRt 
1.25,  95X  C.I.t  [0.95,1.64],  p-0.14).  Of  considerable  interest  is  that  the 
percentage  of  both  groups  perceiving  their  health  as  only  fair  or  poor  vas 
lover  than  that  reported  at  the  Baseline  examination  3  years  earlier  (20. 4Z 
and  15. 9X  for  Bench  Hands  and  Coaparisons,  respectively).  This  shift  vas  the 
opposite  of  that  expected  from  an  aging  effect.  The  data  collection  tech¬ 
nique  vas  an  ln-hoae  interview  in  1982  versus  an  onsite  clinic  intervlev  in 
1985,  but  this  vas  not  judged  to  be  the  likely  cause  of  the  inproveaent  in 
health  perceptions  for  the  3-year  period.  Whatever  the  cause,  the  effects 
vere  similar  in  both  groups. 

k  test  of  association  betveen  health  perception  (dichotomised  as 
excellent /good  and  fair/poor)  vas  performed  with  the  cover is tea  of  ago  (born 
in  or  after  1942,  born  before  1942),  race,  occupation,  and  personality  score 
(Jenkins  score,  trichotomiscd  as  lov  [less  than  -5],  medium  [betveen  -5  and 
5],  and  high  [greater  than  5]).  These  associations  vere  examined  both  vithin 
the  Ranch  Hand  and  Comparison  groups  and  pooled  over  the  tvo  groups.  The 
findings  veie  similar,  and  Table  9-2  shovs  the  results  after  pooling. 

These  results  indicated  a  significant  effect  of  age,  vlth  a  higher  per¬ 
centage  of  the  older  cohort  than  the  younger  cohort  reporting  their  health  as 
fair  or  poor,  as  veil  as  a  significant  effect  of  occupation,  vi.th  the  per¬ 
centage  of  enlisted  personnel  reporting  fair  or  poor  health  nearly  tvice  that 
of  the  officers.  No  significant  associations  vere  noted  for  race  or  person¬ 
ality  score. 
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TAILS  9-2 


Association  ■etveen  Self-Par caption  of  Health  and 
Ago,  lacs.  Occupation,  and  Personality  Score  in  the 
Conbinod  *— ****  land  and  Conpnrison  Groups 


Self-Perception  of  Health 
Excellent/Good  Fair /Poor 

Covariate 


Covariate 

Category 

Nuaber 

Percent 

Nuaber 

Percent 

Total 

p-Value 

Age 

Born  £1942 

903 

94.0 

58 

6.0 

961 

0.003 

Born  <1942 

1,220 

90.5 

128 

9.5 

1,348 

Race 

Black 

130 

90.9 

13 

9.1 

143 

0.76 

Nonblach 

1,993 

92.0 

173 

8.0 

2,166 

Occupation 

Officer 

Rnlisted 

819 

94.8 

45 

5.2 

864 

Flyer 

Enlisted 

347 

89.7 

40 

10.3 

387 

<0.001 

Groundcrev 

957 

90.4 

101 

9.6 

1,058 

Person- 

Low 

827 

92.2 

70 

7.8 

897 

ality 

Mediun 

718 

91.2 

69 

8.8 

785 

0.61 

Score 

High 

373 

92.6 

46 

7.4 

619 

Adjuited  analyses  of  self-perception  of  health  vara  dona  by  logistic 
regression  using  the  cover iatas  of  age,  race,  occupation,  and  personality 
type.  (Self-perception  of  health  vas  dichotonised  and  the  covariates 
categorised  os  in  Table  9-2.)  These  analyses  revealed  statistically 
significant  age  and  occupation  effects,  as  veil  as  a  significant  group-by- 
occupation  interaction  (p-0.015).  Exponentiation  of  linear  coabinatlona  of 
relevant  regression  coefficients  generated  adjusted  relative  risks  for  each 
occupational  stratus.  These  suaaary  data  are  presented  in  Table  9-3. 


TABLE  9-3. 

Adjusted  lelative  Risks  of  Self -Percept ion 
of  Health  by  Occupation 


Occupation 

Adj.  Relative 

Risk  (952  C.I.) 

p-Value 

Officer 

0.78  (0.42,1.46) 

0.441 

Enlisted  Plyer 

0.75  (0.38,1.46) 

0.395 

Enlisted  Groundcrev 

1.90  (1.25,2.88) 

0.003 

These  analyses  shoved  significant  group  differences  in  the  self¬ 
perception  of  health  for  the  enlisted  groundcrev  category  hut  not  for  the 
officers  or  enlisted  flyers.  This  is  perhaps  aore  clearly  seen  in  Table  9-4, 
vhich  gives  the  frequency  distribution  of  self-perception  of  health 
stratified  by  occupation. 

Aaong  officers  and  enlisted  flyers,  a  lover  percentage  of  Ranch  Bands 
than  Coaparlsons  perceived  their  health  as  fair  or  poor.  (These  sane  Ranch 
Bands  vere  also  less  likely  to  viev  their  health  as  excellent.)  In  the 
enlisted  groundcrev  cohort,  12.7  percent  of  the  Ranch  Bands  reported  their 
health  as  fair  or  poor  versus  7.2  percent  of  the  Coaparlsons. 

Because  the  logistic  aodel  does  not  account  for  the  ordinal  nature  of 
the  self-perception  of  health  variable,  a  proportional  odds  nodal  f«r  ordinal 
responses  vas  also  fit  to  the  data  in  Tables  9-1  and  9-4. 

Por  the  ordinal  responses  in  Table  9-1,  the  proportional  odds  nodal 
yielded  a  statistically  significant  result  (p-0.037),  vlth  poorer  health 
estiaated  to  be  1.18  tines  greater  in  the  Ranch  Band  group  than  in  the 
Coaparlson  group  (952  C.I.s  [1.01,1.39]).  For  the  data  in  Table  9-4,  a 
proportional  odds  aodel  fit  to  each  occupational  stratua  (adjusting  for  age) 
yielded  p-values  of  0.65  for  officers,  0.43  for  enlisted  flyers,  and  0.031  for 
enlisted  groundcrev.  Thus,  only  the  enlisted  groundcrev  category  reached 
statistical  significance,  vith  adjusted  proportional  odds  of  1.30  (952  C.I.t 
[1.02,1.64]).  * 


/ 
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Poor 


TABU  9-4. 

Fff  acy  of  Self-Fercaptioa  of  Bealth 
by  Occupation  mi  Group 


_ Self-Perception  of  Health 

Kxcollont  _ Good _ Pair 


Occupation  Nuaber  Par cant  Nuabar  Par cant  Nuaber  Parcant  Nuabar  Par cant  Total 


Officer 

Ranch  Hand 

238 

62.6 

124 

32.6 

13 

3.4 

5 

1.3 

380 

Coaparison 

314 

64.9 

143 

29.6 

23 

4.8 

4 

0.8 

484 

Bnlisted 

Flyer 

Ranch  Hand 

67 

37.8 

94 

53.1 

13 

7.3 

3 

1.7 

177 

Coaparison 

94 

44.8 

92 

43.8 

19 

9.0 

5 

2.4 

210 

Bnlisted 
Groundcrev 
Ranch  Hand 

185 

40.3 

216 

47.1 

48 

10.5 

10 

2.2 

459 

Coaparison 

266 

44.4 

290 

48.4 

39 

6.5 

4 

0.7 

599 

Slailar  results  vara  obtained  vhea  the  analyses  vara  parforaad  on  the 
1,016  Bench  Hands  md  955  Original  Coaparlsons  coaplatlng  the  third-year 
health  intarviav.  These  results  are  provided  in  Table  G-2  of  Appendix  G.  In 
the  unadjusted  analysis,  the  estlaated  relative  risk  for  fair  or  poor  health 
versus  excellent  or  *ood  health  reached  statistical  significance  (Bat.  RR: 
1.43,  95Z  C.I  i  [1  *>3,2. 00),  p-0.042) .  In  the  adjusted  analysis,  group 
asabershlp,  age.  i  occupation  effects  vere  all  statistically  significant 
vith  an  adjusteu  relative  risk  of  1.48  (95X  C.I.i  (1.05,2.07)).  The  group- 
by-occupation  interaction,  hovever,  did  not  reach  statistical  significance 
(p«0.23).  Nevertheless ,  little  difference  vas  seen  in  the  officers  and 
enlisted  flyers,  vhereas  aaong  the  enlisted  groundcrev,  12.7  per cm t  of  the 
Ranch  Hands  versus  7.4  percent  of  the  Original  Coaparlsons  reported  their 
health  as  fair  or  poor. 

Contrasts  of  the  Ranch  Hand  and  Original  Coaparison  groups  using  the 
proportional  odds  aodel  yielded  only  borderline  significant  results.  For  the 
unadjusted  analyst u  app? ’  to  the  overall  data,  the  estlaated  proportional 
odds  vere  l.V"  .....  C."  .0.99,1.39],  p«0.073).  Stratifying  by  occupation 

and  adjusting  for  age  gjve  p-values  of  0.76,  0.11,  and  0.078  for  the  offi¬ 
cers,  enlisted  flyers,  and  enlisted  groundcrev,  respectively.  The  adjusted 
proportional  odds  in  the  enlisted  groundcrev  cohort  vere  1.26  (95%  C.I. 5 
(0.97,1.62)). 
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I ffwtMti  of  II  lease  or  Distress 

Tho  recording  of  tho  appearance  of  acute  111  health  or  physical  dlstraas 
at  tho  oxoaiinotlon  vu  intended  tc  capture  significant  aubjactive  health  data 
that  aight  (though  not  likely)  escape  corroboration  by  other  physical  exaa- 
1 nation  or  laboratory  data.  In  particular,  examining  physicians  were 
requested  to  afflra  the  presence  of  acute  distress  vhen  the  sign  of  hippo- 
cratlc  facies  vas  present,  a  sign  not  easily  feigned  by  participants.  Very 
fev  participants  were  diagnosed  as  being  acutely  lllf  these  data  are 
suaaarised  in  Table  9-5. 


T AKA  9-5. 

Otaadjnstod  Analysis  for  Appearance  of 
Acute  Illaess  or  Distress  by  Group 


_ Acute  Illness  or  Pi stress _ 

_ Tea  _ No _ 

Group  Nuaber  Percent  Number  Percent  Total  p- Value* 


Ranch  Hand 

4 

0.4 

1,010 

99.6 

1,014 

Comparison 

6 

0.3 

1,287 

99.5 

1,293 

♦Fisher's  exact  test,  1-sided. 


These  data  were  too  sparse  to  perait  further  aeaningful  analyses. 
Descriptively,  it  was  noted  that  9  of  the  10  ill  individuals  were  in  the 
older  age  group;  9  of  10  were  nonblack;  and  2  were  officers,  A  were  enlisted 
flyers,  and  4  were  enlisted  groundcrev.  The  6  ill  Comparison  individuals 
were  ail  Original  Comparisons,  as  can  be  seen  in  Table  G-3  of  Appendix  G. 

Further,  these  results  vere  in  substantial  contrast  to  the  Baseline 
findings  that  revealed  a  marginally  significant  excess  (p*0.056)  of  acute 
distress  among  the  Ranch  Hands. 


Appearance  of  Relative  Age 

The  examining  physicians  scored  each  participant  as  appearing  younger, 
older,  or  the  saae  as  his  chronological  age.  These  iata  are  presented  in 
Table  9-6. 
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TABU  9-4 


Obmdjaeted  Analysis  for  Appaaranca  of 
Silativt  Ac*  by  Croup 


_ Appearance  of  Relative  iC _ 

Younger _ S— o  Older 

Group  Nuaber  Percent  Nuaber  •  Porcont  Nuaber  Percent  Total  p-Valua 


Ranch  Hand 

16 

1.6 

957 

94.3 

42 

4.1 

1,01* 

Comparison 

9 

0.7 

1,233 

95.4 

51 

3.9 

1,293 

These  frequency  distributions  shoved  that  a  slightly  higher  percentage 
of  Ranch  Hands  than  Coaperisons  appeared  younger  than  their  stated  age,  and 
alaost  equivalent  percentages  in  both  groups  appeared  older.  Overall,  there 
vae  no  significant  difference  in  the  two  distributions.  The  unadjusted 
findings  in  Table  9-4,  hovevor,  did  not  confira  the  significant  tendency 
(p-0.029)  at  the  1962  Baseline  examination  for  a  higher  percentage  of  the 
Ranch  Hands  than  Comparisons  to  appear  younger  than  their  stated  ages. 

Table  9-7  presents  the  association  betveen  each  of  the  covariates  and 
relative  age  (dichotomised  as  older  looking  versus  the  same  or  young*, 
looking)  after  combining  the  Ranch  Ban:*  and  Comparison  groups. 

As  noted  froa  this  table,  age  and  rates  vers  not  significantly  associated 
with  the  appearencc  of  relative  age,  whereas  occupation  did  reveal  a  signif¬ 
icant  association,  vith  about  6  percent  of  the  enlisted  personnel  appearing 
older  then  their  stated  ages  coapared  to  1  percent  of  the  officers. 

An  adjusted  analysis  using  logistic  regression  vith  the  ccvarlctes  age, 
race,  and  occupation  shoved  a  significant  effect  due  to  occupation  as  veil  as 
a  significant  group-by-occupation  interaction  (p«0.038).  Adjusted  relative 
risks  for  each  occupational  stratus  are  given  in  Table  9-8. 

The  adjusted  relative  risk  vas  greater  than  1  for  the  officers,  i.e., 
the  odds  of  appearing  older  vara  greeter  in  the  Ranch  Hand  group  than  in  the 
Coeparlson  group,  but  the  relative  risk  vas  lass  than  1  for  the  enlisted 
flyers.  Hovever,  the  associated  confidence  Intervals  vers  rather  broad  and 
did  not  rule  out  a  relative  risk  of  1  in  each  casa.  Again,  because  the 
logistic  regression  modal  does  not  account  for  the  ordinal  nature  of  the 
dependent  variable,  a  proportional  odda  nodal  vas  applied  to  the  enlisted 
flyer  cohort  (date  in  the  officer  end  enlisted  groundcrev  strata  did  not  fit 
the  model  properly).  The  estimated  proportional  odds  for  tha  enlisted  flyer 
cohort  were  nonsignificant  (estimated  odds:  0.49,  95X  C.I.i  (0.22,1.11], 
p-0.087) . 
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TAILS  9-7 


Association  Bo  sb  Appearance  of  Salat iso  Afe  and  Acs, 
Baca,  jad  Occupation  in  tbe  Coubined 
Ranch  Hand  and  Cooparlson  Groups 


Appearance  of  Relative  Aia 
lounger/ Sane  _ Older 

Covarlata 


Covarlata 

Category 

Nuaber 

Percent 

Nuaber 

Percent 

Total 

p-Value 

Age 

Born  £1942 

914 

95. 2 

46 

4.8 

960 

0.14 

Born  <1942 

1,301 

96.5 

47 

3.5 

1,348 

Race 

Black 

138 

96.5 

5 

3.5 

143 

0.91 

Nonblack 

2,077 

95.9 

88 

4.1 

2,165 

Occupation 

Officer 

835 

99.0 

9 

1.0 

864 

Enlisted 

362 

93.5 

25 

6.5 

387 

<0.001 

Flyer 

Enlisted 

998 

94.4 

59 

5.6 

1,057 

Groundcrev 


TAILS  9-8. 

Adjusted  Relative  Sisks  of  Appearance  of 
Relative  Age  by  Occupation 


Occupation 

Adj.  Relative 

Risk  (95*  C.I.) 

p-Value 

Officer 

4.52  (0.94,21.9) 

0.060 

Enlisted  Flyer 

0.44  (0.23,1.27) 

0.159 

Enlisted  Groundcrev 

1.05  (0.62,1.78) 

0.849 
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A  contrast  of  tko  Ranch  Band  group  vlth  tha  Original  Coaparlsons  gava 
aiailar  results,  as  shovn  in  Tahla  G-4  of  Appendix  G.  Ovarall ,  thara  vas 
llttla  difference,  but  tha  group-by-occupttlon  lntaractlon  vas  of  bordarlina 
significanca  in  tha  adjustad  analysis  (p-0.052).  Dlffarancaa  vara  largely 
confinad  to  tha  enlisted  flyars,  vhara  favor  Ranch  Hands  than  Coaparlsons 
appaarad  oldar  than  thalr  statad  agas  (Adj.  RRt  0.47,  93B  C.I.i  [0.20,1.12], 
p-0.069)  (saa  Tabla  G-5  of  Appandix  G).  A  proportional  odds  nodal  appliad  to 
tha  anllstad  flyar  stratua  gava  adjustad  proportional  odds  of  0.43  (95X  C.I.i 
[0.20,1.02],  p-0.035). 


Objactlva  Assessments 

Tvo  objactlva  but  nonspecific  indicators  of  ganaral  health,  tha  eryth- 
rocyta  sadiaantation  rata  and  percent  body  fat,  vara  analysed  in  both 
discrete  and  continuous  foras.  Because  the  sedlaentatlon  rate  vas  a  highly 
shaved  variable,  it  vas  noraalisad  by  logarlthnic  transformation  for  the 
continuous  analyses.  The  sedlaentatlon  rata  dlchotoay  vas  set  at  20  aa/hr  or 
lass  (normal)  and  greater  than  20  aa/hr  (abnormal)  by  the  large-tube  Vaster- 
gran  method.  Percent  body  fat  vas  based  on  height  and  velght  obtained  during 
the  examination  and  vas  calculated  according  to  the  folloving  formulas 
Percent  Body  Pat  -  (Vaight[kg]/Height[a]2)(1.264)  -  13.303.  It  is  recognised 
that  this  formula  vill  overstate  the  percent  body  fat  for  very  muscular, 
large-boned  aen.  Percent  body  fat  vas  trlchotoaiied  into  leas  than  10  percent 
(lean),  10  to  23  percent  (normal),  and  greater  than  23  percent  (obese),  con¬ 
sistent  vlth  the  Baseline  Report.  Because  of  the  aparseness  of  the  lean 
category,  it  vas  often  necessary  to  use  a  dichotomous  variable  of  lean-normal 
versus  obese. 


Brythrocyte  Sadiaantation  Rate 

The  unadjusted  contrast  of  log  sedimentation  rate  aeans  revealed  no 
significant  group  differences  (aeantSB-l.620t0.026  in  tha  Ranch  Hand  group 
versus  1.393*0.021  in  the  Comparison  group,  t-0.73,  p-0.47).  The  geometric 
mean  values  vara  3.0!  and  4.93  for  the  Ranch  Hand  and  Comparison  groups, 
respectively.  Tests  of  association  of  dichotomised  sedimentation  rate,  vlth 
the  covariates  age,  race,  occupation,  and  personality  score,  pooled  over  both 
groups,  vera  conducted}  these  suanarised  data  are  shovn  in  Table  9-9. 

£ 

These  results  shoved  significant  effects  of  age,  vlth  older  individuals 
having  a  higher  frequency  of  abnormal  sedimentation  rates  than  younger 
individuals,  and  a  significant  affect  of  personality  score,  vlth  Type  B 
individuals  (low  personality  score)  having  more  sedimentation  rata 
abnormalities.  The  affect  of  occupation  vas  of  borderline  significanca 
(p-0.080),  vlth  a  slightly  higher  percentage  of  abnormal  values  among  tha 
anllstad  flyars  than  among  officers  or  enlisted  grounocrav.  Thara  vas  no 
evidence  of  any  association  betveen  race  and  abnormal  sedimentation  rata. 

An  analysis  of  tha  log  sedimentation  rata,  adjusting  for  age,  race, 
occupation,  and  personality  score,  detected  significant  affects  for  all  of 
the  covariates  except  race,  as  veil  as  a  significant  age- by-personality  score 
interaction.  As  in  the  unadjusted  analysis,  the  adjusted  analysis  did  not 
reveal  any  significant  difference  betveen  the  Ranch  Band  and  Comparison 
groups  (p-0.412). 
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TAILS  9-9 


Aaaoclation  ittww  SadlMDUtioo  lit*  and 
Age,  Baca,  Occupation,  and  Par  sociality  Scorn  in  tho 
Combined  Bench  Hand  and  Comparison  Group# 


Sedimentation  Rata 


Normal 

Abnormal 

COaa/hr 

>20na/hr 

Coverlet* 

Cover late 

Catato ry 

Number 

Percent 

N;  labor 

Percent 

Total 

p-Value 

Aga 

Born  *1942 

941 

97.9 

20 

2.1 

961 

<0.001 

Born  <1942 

1,263 

93.7 

85 

6.3 

1,348 

Baca 

Black 

136 

95.1 

7 

4.9 

143 

0.999 

Nonblack 

2,066 

95.5 

98 

4.5 

2,166 

Occupa- 

Officer 

828 

95.8 

36 

4.2 

864 

tion 

Enlisted 

361 

93.3 

26 

6.7 

387 

0.080 

Plyar 

Enlisted 

1,013 

95.9 

43 

4.1 

1,058 

Groundcrev 

Parson- 

Low 

843 

94.0 

54 

6.0 

897 

ality 

Mediua 

758 

96.6 

27 

3.4 

785 

0.C26 

Score 

High 

395 

96.1 

24 

3.9 

619 

9-11 


Hovever,  in  the  dichotomous  fora,  sedimentation  rata  abnoraalitias  vara 
significantly  aora  pravalant  in  tha  Ranch  Hands  than  Comparisons  (Bst.  RR: 
1.63,  95%  C.I.:  [1.12,2.38],  p«0.013);  thise  rasults  ara  givan  in  Tabla  9-10. 

Logistic  ragrassion  analysis  found  significant  affacts  for  aga  and 
parsonallty  scora,  and  tha  adjusted  ralativa  risk  of  1.68  (95%  C.I.s 
[1.13,2.49],  p^O.Oll),  vas  vary  similar  to  tha  astiaated  ralativa  risk 
of  1.63. 

TABLE  9-10. 

Unadjusted  Analysis  for 
Sediaentatlon  Rata  by  Group 


Sedinentation  Rate 


Kornal  Abnoraal 

gO  aa/hr  >20  aa/hr 


Group 

Number 

Percent 

Number 

Percent 

Total 

p-Value 

Ranch  Hand 

957 

94.2 

59 

5.8 

1,016 

0.013 

Coaparison 

1,247 

96.4 

46 

3.6 

1,293 

Tha  aean  log  sediaentatlon  rata  in  tha  Original  Coaparisons  vas 
1.636  plus  or  ainus  0.025,  not  significantly  different  froa  tha  Ranch  Hand 
aean  (t*-0.45,  p«0.65).  Tha  regression  analysis  yielded  rasults  very  siailar 
to  those  reported  above,  vith  little  difference  in  tha  adjusted  group  Beans. 
Logistic  regression  analyses  also  gave  similar  results,  vith  significantly 
aore  abnoraalitias  in  the  Ranch  Hand  group  (p-0.037). 

In  suaa«ry,  there  vas  no  difference  betvaen  groups  based  upon  aean 
values  of  the  sediaontation  rate,  unadjusted  or  adjusted,  but  both  unadjusted 
and  adjusted  discrete  analyses  shoved  a  significantly  higher  prevalence  of 
sediaentatlon  rate  abnoraalitias  in  the  Ranch  Hand  group.  This  finding  vas 
opposite  to  the  Baseline  findings  in  vhich  Ranch  Hands  age  40  or  less  had 
significantly  fever  sedinentation  rate  abnora&lities  than  Coaparisons,  vith 
no  group  difference  in  individuals  over  the  age  of  40. 


Percent  Body  Fat 

The  aean  percent  body  fat  of  Ranch  Hands  vas  significantly  lover  than 
that  of  Comparisons  (21. 10X±0. 15  versus  21.54X±0.14,  respectively;  p«0.037). 
Because  there  vere  only  a  fev  values  in  the  lean  category  (6  in  the  Ranch 
Hand  group  and  4  in  the  Coaparison  group),  percent  body  fat  vas  dichotomized 
into  at  most  25  percent  (lean  and  normal)  and  aore  than  25  percent  (obese) 
for  tests  of  association  betveen  percent  body  fat  and  the  covariates  age, 
race,  and  occupation.  The  results  are  given  in  Table  9-11. 
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TABLE  9-11 


Association  Betveen  Percent  Body  Pat  and  Age, 
Race,  and  Occupation  in  the  Conbined  Ranch  Hand 
and  Coaparison  Groups 


_ Percent  Body  Fat _ 

Lean/Normal  Obese 

<15X  >251 

Covariate  — — — 


Covariate 

Category 

Number 

Percent 

Number 

Percent 

lotal 

p-Value 

Age 

Born  >1942 

802 

83.4 

159 

16.6 

961 

0.005 

Born  <1942 

1,060 

78.7 

287 

21.3 

1,347 

Race 

Black 

110 

76.9 

33 

23.1 

143 

0.29 

Nonblack 

1,752 

80.9 

413 

19.1 

2,165 

Occupation 

Officer 

719 

83.3 

144 

16.7 

863 

Enlisted 

214 

81.1 

73 

18.9 

387 

0.023 

Flyer 

Enlisted 

829 

78.4 

229 

21.6 

1,058 

Groundcrev 


These  data  demonstrated  the  significant  effects  of  age,  vith  a  higher 
percentage  of  obesity  in  older  men,  and  occupation,  vith  a  higher  prevalence 
of  obesity  in  enlisted  personnel  than  in  officers.  Race  was  a  noncontribu¬ 
tory  covariate.  The  covariate  of  smoking  vas  unexplored. 

An  adjusted  analysis  of  percent  body  fat,  vith  the  same  covariates,  also 
shoved  the  significant  effects  of  age,  occupation,  and  an  age-by-occupation 
interaction.  The  adjusted  results  shoved  a  small,  but  significantly  lover 
mean  level  of  bodv  fat  in  the  Ranch  Hand  group  (adjusted  difference— 0.443± 
0.210,  p-0.035) 

Vith  percent  body  fat  dichotomized  into  obese  versus  normal  or  lean,  the 
percent  obese  vas  lover  in  the  Ranch  Hands  than  in  the  Comparisons  (18.21 
versus  20.21),  but  the  difference  vas  not  significant  (Est.  RRt  0.90, 

951  C.I.:  [0.71,1.08],  p«0.25).  Logistic  regression  analysis  also  failed  to 
detect  a  significant  group  difference  (Adj  RR:  0.87,  951  C.I.:  [0.71,1.08], 
p-0.204). 

Analysis  of  percent  body  fat  in  the  Ranch  Hands  and  Original  Comparisons 
gave  somevhat  different  results.  The  overall  difference  in  means  vas  signif¬ 
icant  as  before:  21.10  plus  or  minus  0.15  in  the  Ranch  Hand  group  versus 
21.58  plus  or  minus  0.16  in  the  Original  Comparison  group  (t— 2.15,  p-0.032). 
Hovever,  the  regression  analysis  detected  a  statistically  significant  group- 
by-race  interaction  (p-0.041).  The  adjusted  difference  in  mean  percent  body 
fat  (Ranch  Hand  versus  Comparison)  vas  greater  in  Black  participants  (-2.261) 
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than  in  nonblack  participants  (-0.34X) .  Of  tha  Original  Coaparisons 
(Tabla  G-7  of  Appandix  G),  20.4  parcant  vara  obese,  graatar  than,  but  not 
significantly  different  from,  tha  percent  obese  in  tha  Ranch  Hand  group 
(p-0.230).  Logistic  ragrassion  analyses  again  detactad  significant  aga  and 
occupation  affects,  but  it  detected  no  significant  interaction  between  these 
variables.  There  vas  no  strong  evidence  of  a  group-by-raca  interaction 
(uodels  including  all  tvo-f actor  interactions  gave  a  2-value  of  1.19  for  tha 
group-by-race  interaction).  Tha  group  effect  vas  not  statistically  signifi¬ 
cant  (Adj.  RR:  0.87,  952  C.I.t  [0.70,1.09],  p-0.242). 

In  sunaary,  tha  unadjusted  and  adjusted  tests  of  naan  percent  body  fat 
shoved  a  significantly  lover  value  for  Ranch  Hands;  correspondingly  fever 
Ranch  Hands  than  Coaparisons  vare  obese,  although  this  difference  vas  not 
statistically  significant.  Fev  individuals  vara  lean  (lass  than  10  parcant 
body  fat).  The  1982  Baseline  exaaination  found  no  difference  in  group  means 
(p-0.67),  or  proportion  of  abnormalities  (p»0.89).  Further,  analyses  based 
solely  upon  the  Original  Comparison  cohort  found  tha  difference  in  mean 
percent  body  fat  betvaen  the  Ranch  Hand  and  Comparison  groups  to  be  greater 
in  Blacks  than  nonblacks. 


EXPOSURE  INDEX  ANALYSES 

The  exposure  index,  expressed  in  equivalent  gallons  of  dioxin-containing 
herbicide  potentially  encountered  by  each  Ranch  Hand  during  his  tour  of  duty 
in  Vietnam,  vas  categorized  as  lov,  medium,  and  high.  Because  it  is  not 
possible  to  assess  the  relative  exposure  betveen  occupational  groups,  and 
since  different  cutoff  values  vere  used  in  the  three  occupational  categories, 
separate  analyse:)  vere  performed  vithin  each  occupational  cohort.  A  detailed 
description  of  the  exposure  index  is  found  in  Chapter  8.  Exposure  analyses 
vere  performed  on  four  of  the  five  general  health  variables.  Only  four  Ranch 
Hands  vere  recorded  as  appearing  ill  or  distressed  (tvo  vere  officers,  both 
in  the  lov-exposure  category,  and  two  vere  enlisted  flyers,  both  in  the 
high-exposure  category).  Further  analysis  vas  not  done  on  this  variable. 


Self-Perception  of  Health 

Table  9-12  presents  dichotomized  self-perception  of  health  data  by 
exposure  level  for  the  1,016  Ranch  Hands.  Vhile  these  unadjusted  contrasts 
did  not  reach  statistical  significance  vithin  any  of  the  occupational  strata, 
the  linear  trend  froa  lov  to  high  exposure  in  the  officer  cohort  of  the 
fair/poor  category  vas  of  interest,  and  vas  subjected  to  further  testing. 
Although  the  numbers  vere  small  at  each  exposure  level,  a  test  for  linear 
trend  led  to  a  borderline  significant  increase  of  2.5  plus  or  minus  1.3 
percent  per  unit  (step)  increase  in  the  exposure  level  category  (p-0.064). 

Logistic  regression  analyses  adjusted  for  age  (dichotomized),  race,  and 
personality  score  (trichotomized)  did  not  detect  any  significant  exposure 
level  effects.  The  only  significant  covariate  effect  found  r as  for  age  in 
the  enlisted  groundcrev  cohort.  The  adjusted  relative  risk  for  each 
occupational  stratum  is  given  in  Table  9-13. 
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TABLE  9-12 


Unadjusted  Exposure  Index  Analysis  of 
Self-Perception  of  Health  by  Occupatior 


Self-Perception  of  Health 

Excel lent /Good 

Fair/ Poor 

Occupation 

Exposure 

Index 

Nuaber  Percent 

Number  Percent 

Total  p- Value* 

Officer 

Lov 

124 

97.6 

3 

2.4 

127 

Medium 

124 

95.4 

6 

4.6 

130 

0.17 

High 

114 

?2.7 

9 

7.3 

123 

Enlisted 

Lov 

51 

92.7 

4 

7.3 

55 

Flyer 

Medium 

59 

90.8 

6 

9.2 

65 

0.83 

High 

51 

89.5 

6 

10.5 

57 

Enlisted 

Lov 

134 

87.0 

20 

13.0 

154 

Groundcrev 

Medium 

146 

89.6 

17 

10.4 

163 

0.51 

High 

121 

85.2 

21 

14.8 

142 

*Chi-square  tests,  2  d.f 

• 

TABUS  9-13. 

Adjusted  Relative  Risk  of  Self-Perception  »>f 
by  Occupation  and  Exposure  Contrast 

Health 

Occupation 

Exposure 

Contrast 

Adj.  Relative 

Risk  (95Z  C.I.) 

p-Value 

Officer 

Medium  vs.  Lov 
High  vs.  Lov 

2.00  (0.49,8.15) 
2.93  (0.76,11.3) 

0.334 

0.119 

Enlisted  Flyer 

Medium  vs.  Lov 
High  vs.  Lov 

1.30  (0.35,4.86) 
1.50  (0.40,5.64) 

0.700 

0.549 

Enlisted 

Groundcrev 

Medium  vs.  Lov 
High  vo.  Lov 

0.95  (0.47,1.92) 
1.21  (0.62,2.35) 

0.882 

0.580 
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Appearance  of  Relative  Age 


The  dichotomy  of  appearance  of  relative  age  vas  assessed  for  exposure 
effects  in  each  occupational  cohort.  These  unadjusted  analyses,  shown  in 
Table  9-14,  provided  no  evidence  of  a  dose-response  effect.  As  can  be  seen, 
the  number  of  participants  within  each  stratum  appearing  older  than  their 
stated  ages  was  quite  small.  The  adjusted  analyses  by  logistic  regression 
did  not  detect  any  significant  exposure  or  covariate  effects. 


TABLE  9-14. 

Unadjusted  Exposure  Index  Analysis  of 
Appearance  of  Relative  Age  by  Occupation 


_ Relative  Age _ 

Younger /Same  _ Older 

Exposure 


Occupation 

Index 

Number 

Percent 

Number 

Percent 

Total 

p-Value* 

Officer 

Low 

125 

98.4 

2 

1.6 

127 

Medium 

127 

97.7 

3 

2.3 

130 

0.89 

High 

121 

98.4 

2 

1.6 

123 

Enlisted  Flyer 

Low 

52 

94.6 

3 

5.4 

55 

Medium 

62 

95.4 

3 

4.6 

65 

0.88 

High 

55 

96.5 

2 

3.5 

57 

Enlisted 

Low 

146 

94.8 

8 

5.2 

154 

Groundcrev 

Medium 

151 

93.2 

11 

6.8 

162 

0.82 

Bigh 

134 

94.4 

8 

5.6 

142 

*Chi-square  tests,  2  d.f. 


Erythrocyte  SdjgBtiUoa  Bata 

The  sedimentation  rat*  vas  analysed  both  continuously  on  a  logarithmic, 
seal*  and  dichotoaously  (normal,  abnormal).  One-vay  analysas  cf  variance 
were  performed  on  the  sedimentation  rate  ^eans  categorised  by  occupation  and 
axposura  level.  These  tests  shoved  no  significant  differences  in  the  officer 
and  the  enlisted  flyer  strata  (p«0.76,  p-0.64,  respectively).  In  the 
enlisted  groundcrev  stratus  the  means  vere  marginally  different,  vith  the 
mean  sedimentation  rate  increasing  vith  increasing  exposure  level,  but  the 
differences  vere  not  statistically  significant  (p-0.12).  Whin  these  data 
vere  adjusted  by  an  analysis  of  covariance  for  age,  the  difference  in  aean 
sedimentation  rates  in  the  enlisted  groundcrev  vas  lass  notevorthy  (p«0.33). 
Age  vas  positively  associated  vith  the  mean  sedimentation  rati'  in  all  three 
occupational  strata  (p<0.001,  p-0.009,  and  p<0«001,  respectively).  The 
adjusted  tests  are  reflected  in  Table  9-15  (naans  and  confidence  Halts  have 
been  transformed  back  to  the  original  scale). 

A  categorical  analysis  of  tha  sedimentation  rate  by  exposure  level  for 
each  occupational  stratum  vas  also  conducted.  Differing  froa  tha  previous 
continuous  analysas,  tha  categorical  contrasts  revealed  a  significant 
exposure  effect  (p-0.027)  in  the  enlisted  flyer  stratum,  albeit  vith  small 
nusbers.  These  summarised  date  ere  shovn  in  Table  9-16. 

Adjustment  for  age,  race,  end  personality  score  revealed  a  significant 
high  versus  lov  exposure  contrast  in  tha  enlisted  flyer  stratum.  Tha 
adjusted  analysis  is  fully  shovn  in  Table  9-17. 


TABLR  9-15. 

Adjusted  Kean  Sedimentation  Rates  by  Occupation 


Exposure  Index, 

Adjusted  Maim,  em/hr  (95X  C.I.) 


Occupation 

1«V 

Medium 

High 

p-Vslue 

Officer 

5.40  (4.71,6.19) 

4.78  (4.17,5.47) 

4, 69  (4.09,5.37) 

0.31 

Enlisted 

Flyer 

5.10  <4.11,6.33) 

6.00  (4.91,7.32) 

5.00  (4.04,6.19) 

0.41 

Enlisted 

4.66  (4  10,5.29) 

5.09  (4.49,5.77) 

5.35  (4.69:6.12) 

0.33 

Groundcrev 


TABU  9-16 


Unadjusted  Exposure  Index  Analysis  of 
Sediaeatation  Bate  by  Occupation 


Sediaantation  Bate 


No  real 
S20en/hr 

Abnoraal 

>20aa/hr 

Occupation 

Exposure 

Index 

Nuaber  Percent 

Nuaber  Percent  Total  p- Value* 

Officer 

Low 

117 

92.1 

10 

7.9 

127 

Medlua 

125 

96.2 

5 

3.8 

130 

0.27 

High 

119 

95.9 

5 

4.1 

123 

Enlisted 

Low 

53 

96.4 

2 

3.6 

55 

Plyer 

Medium 

62 

95.4 

3 

4.6 

65 

0.027 

High 

48 

34.2 

9 

15.8 

57 

Enlisted 

Lov 

142 

92.2 

12 

7.8 

154 

Groundcrev 

Medium 

156 

95.7 

7 

4.3 

163 

0.290 

High 

136 

95.8 

6 

4.2 

142 

♦Chi-square 

tests,  2  d.f. 

TABLE  9-17. 

Adjusted  Balative  Bisk  of  Sediaantation  Bate 
by  Occupation  and  Exposure  Contrast 

Occupation 

Exposure 

Contrast 

Adj.  Relative 

Risk  (95X  C.I.) 

p-Value 

Officer 

Mediua  vs.  Lov 
High  vs.  Lov 

0.47  (0.16,1.41) 
0.50  (0.17,1.52) 

0.177 

0.226 

Enlisted  Flyer 

Mediua  vs.  Lov 
High  vs.  Lov 

1.28  (0.21,7.96) 
4.97  (1.02,24.2) 

0.790 

0.047 

Enlisted 

Groundcrev 

Mediua  vs.  Lov 
High  vs.  Lov 

0.76  (0.28,2.06) 
0.54  (0.19,1.49) 

0.592 

0.234 

9-13 


Percent  Body  ht 


Exposure  analyses  of  percent  body  fat  vara  don*  using  both  linaar  aodals 
and  logiatie  regression.  Ona-vay  analyses  of  variance  for  naans  found  no 
statistically  significant  axposura  diffarancas  in  the  occupational  cohorts. 
Thasa  statistics  ara  prasantad  in  Tabla  9-18. 


TABU  9-18. 

Unadjust ad  Naans  of  Par cant  Body  Pat  by  Occupation 


Exposure  Index,  HaantSB 


Occupation 

Lov 

Medium 

Bigh 

p-Value 

Officer 

20.99±0.36 

21.11±0.41 

21.26*0.36 

0.88 

Enlisted  Flyer 

20.65±0.S5 

21.26*0.77 

21.59*0.77 

0.65 

Enlisted 

20.91*0.42 

21.43*0.41 

20.79*0.44 

0.53 

Groundcrev 


Linear  aodals  including  age,  race,  and  tvo-f actor  axposura  level-by- 
co variate  interactions  found  no  significant  difference  in  the  adjusted 
axposura  level  naans  for  percent  body  fat.  The  affect  of  age  was  significant 
in  the  officer  cohort  (p-0.003) ,  and  of  borderline  significance  in  the 
enlisted  groundcrev  stratus  (p-0.064).  Race  vas  nonsignificant  throughout 
all  the  tests. 

The  unadjusted  categorical  assessment  of  percent  body  fat,  shown  in 
Table  9-19,  revealed  uo  significant  exposure  effects.  However,  in  the 
enlisted  flyer  stratus,  a  test  for  linear  trend  in  the  proportions  gave  a 
borderline  significant  result  (p-0.054),  with  an  estimated  step  increase  of 
6.8  plus  or  sinus  3.6  percent  per  unit  Increase  in  exposure-level  category. 

An  adjusted  analysis  by  logistic  regression  did  not  reveal  significant 
exposure  level  effects  but  did  detect  significant  effects  of  age  in  the 
officer  and  enlisted  groundcrev  categories. 

In  suanary,  detailed  exposure  analyses  vsre  perforaed  on  four  of  five 
dependent  variables  used  to  assess  general  health  status.  Only  a  very  fev  of 
the  tests  approached  statistical  significance  (eultiple  comparisons  no tvit fa¬ 
st  ending);  of  these,  three  associations  suggested  a  trend  of  adverse  effects 
froa  lov  to  high  exposure;  but  only  one  vas  statistically  significant,  and 
there  vas  no  consistency  across  occupational  strata  (health  perception  in 
officers,  p-0.064;  sedimentation  rate  in  enlisted  flyers,  p*0.027;  and 
percent  body  fat  in  enlisted  flyers,  p-0.054).  These  results  vere  relatively 
coaparable  to  the  negative  exposure  findings  in  the  Baseline  Report. 
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TABLE  9-19 


Unadjusted  Exposure  Index  Analysis  of 
Percent  Body  Fat  by  Occupation 


Par cant  Body  Fat 


Lean/No  raal 

Obese 

425X 

*25X 

Exposure 

Occupation 

Level 

Number  Percent 

Number  Percent  Total  p-Velue* 

Officer 

Lov 

104 

81.9 

23 

18.1 

127 

Medium 

110 

84.6 

20 

15.4 

130 

0.76 

Hlgb 

100 

81.3 

23 

18.7 

123 

Enlisted 

Lov 

50 

90.9 

5 

9.1 

55 

Flyer 

Medium 

53 

81.5 

12 

18.5 

65 

0.14 

High 

44 

77.2 

13 

22.8 

57 

Enlisted 

Lov 

126 

81.8 

28 

18.2 

154 

Groundcrev 

Medium 

131 

80.4 

32 

19.6 

163 

0.88 

High 

113 

79.6 

29 

20.4 

142 

♦Chi-square  tests,  2  d.f. 


LQHSITODIRAL  ANALYSES 

Tvo  variables,  self-perception  of  health  and  sedinentation  rate,  were 
prescribed  to  assess  the  longitudinal  differences  between  the  1982  Baseline 
eicaainatlon  and  the  1985  followup  exaainatlon.  Both  variables  were  analysed 
in  the  discrete  fore.  The  four  categories  of  perception  of  health  ware 
reduced  to  no real  (axcellant/good)  and  abnormal  (fair/poor).  The  respective 
laboratory  corns  of  12  or  less  na/hr  and  sore  than  12  an/hr  tor  the  Baseline 
sedleentation  rates,  and  20  or  less  na/hr  and  sore  than  20  na/hr  for  the 
followup  examination  were  used  to  categorise  the  sedinentation  rata  daiia  Into 
normal  and  abnormal  groups.  The  off-diagonal  data  (normal  to  abnormal, 
abnormal  to  normal)  from  tha  two  examinations  ware  contrasted  by  group 
membership,  e  procsss  equivalent  to  testing  for  e  group-by-tiae-by-dinical 
endpoint  interaction.  The  results  of  thsse  tests,  unadjusted  for  covarietes, 
era  given  in  Table  9-20. 

These  analyses  shoved  an  equivalence  of  the  change  in  self-perception  of 
health  in  the  two  groups  between  examinations,  but  e  highly  significant  group 
difference  in  the  change  in  sedinentation  rate  abnormalities.  The  letter  uas 
explained  by  the  fact  that  the  Baseline  examination  determined  a  significant 
excess  of  sedinentation  rate  abnormalities  in  the  Comparisons  vhereas  at  the 
follovup  examination,  the  Ranch  Bands  had  a  significantly  higher  oroportion 
of  abnormalities.  Perhaps  as  a  related  fact,,  it  is  recognised  that  the 
sedleentation  rate  laboratory  test  procedure  changed  to  a  ao^e  sensitive  one 
at  the  follovup  exaainatlon. 
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TABLE  9-20 


Longitudinal  Analysis  of  Saif -Perception  of  Health  and  Sedimentation  Rate: 
A  Contrast  of  Baseline  and  First  Followup  Examination  Abnorealities 


Followup 

Kxaaination 


Baseline 

Odds 

p-Value 

Variable 

Group 

Examination 

Abnormal  Normal  Ratio  (OR*)  (OR^  vs.  0RC) 

Self- 

Ranch  Band 

Abnormal 

62 

127 

0.21 

Perception 
of  Health 

Normal 

27 

750 

0.84 

Comparison 

Abnormal 

49 

124 

0.23 

Normal 

28 

936 

Sediment a- 

Ranch  Hand 

Abnormal 

17 

16 

2.44 

tion  Rate 

Normal 

39 

899 

0.002 

Comparison 

Abnormal 

14 

37 

0.73 

Norami 

27 

1,061 

♦Odds  Ratio: 


Nuaber  Normal  Baseline,  Abnormal  Followup 


Number  Abnormal  Baseline,  No  ratal  Followup. 


SUMMARY  AMD  GOHCLOSIOMS 

General  physical  health  was  evaluated  by  five  measures,  three  of  which 
were  subjective  (self-perception  of  health,  appearance  of  distress,  and 
appearance  of  relative  age),  and  two  of  vhich  were  objective  (percent  body 
fat  and  sedimentation  rate).  Table  9-21  presents  a  summary  of  all  the 
unadjusted  and  adjusted  analyses  of  these  five  variables. 

The  Ranch  Bands  rated  their  health  as  fair  or  poor  more  often  than  the 
Comparisons  (9.12  versus  7.32,  respectively),  but  this  difference  was  not 
significant  by  categorical  testing.  Hove/er,  further  analysis  revealed  a 
significant  group-by-occupatlon  interaction)  differences  vere  largely  con¬ 
fined  to  the  enlisted  groundcrev  category.  Both  the  Ranch  Rand  and  Compari¬ 
son  groups  noticeably  improved  their  perceptions  of  health  from  the  1982 
Baseline  examination. 

Only  10  individuals  vere  reported  as  appearing  acutely  ill  or  distressed 
at  the  followup  examination,  4  vere  Ranch  Hands  and  6  vere  Comparisons.  This 
difference  was  not  statistically  signific  nt  and  the  data  vere  insufficient 
for  adjusted  analyses. 
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TABU  9-21 


Overall  Summery  Results  of  Unadjusted  and  Adjusted 
Analyses  of  General  Health  Variables 


Unadjusted _  _ Adjusted 


Variable 

Categot'cal 

Mean 

Categorical 

Mean 

Self-Perception 
of  Health 

NS 

— 

**★* 

— 

Appearance  of 
Illness/Dias  tress 

NS 

— 

• 

■— 

Appearance  of 
Relative  Age 

NS 

— 

**** 

— 

Sedimentation 

Rate 

0.013 

NS 

0.011 

NS 

Percent  Body  Fat 

NS 

0.037 

NS 

0.035 

--Analysis  not  performed. 

****<Sroup- by-covariate  interaction. 
‘Analysis  not  possible  due  to  sparse  data. 


Appearance  of  relative  age,  as  determined  by  the  examining  physician, 
shoved  1.6  percent  of  the  Ranch  Hands  appearing  younger  tuan  their  stated 
age,  94.3  percent  appearing  the  sane,  and  4.1  percent  appearing  older  (as 
contrasted  to  0.72,  95.42,  and  3.92,  respectively,  in  the  Coaparlson  group). 
There  vas  a  significant  group-by-occupation  interaction,  but  none  of  the 
estimated  relative  risks  for  the  occupational  categories  vas  significant. 

This  observation  at  the  follovup  examination  contrasted  vith  the  significant 
tendency  at  the  Baseline  for  a  higher  percentage  of  Ranch  Hands  than 
Comparisons  to  appear  younger  than  their  stated  ages. 

The  geometric  mean  sedimeutation  rates  (5.05  mm/hr  Ranch  Hand  versus 
4.93  mm/hr  Comparison)  did  not  differ  significantly  by  group,  either 
unadjusted  or  after  adjustment  for  age,  race,  occupation,  personality  score, 
and  an  age-by-personality  score  interaction.  Hovever,  in  the  dichotomous 
form,  5.8  percent  of  the  Ranch  Hands  had  sedimentation  rate  abnormalities  as 
contrasted  to  3.6  percent  in  the  Comparison  group.  This  difference  vas 
significant  by  both  unadjusted  and  adjusted  tests.  Also,  this  finding  vas 
opposite  to  that  of  the  Baseline  examination,  vher*  it  vas  noted  that  younger 
Comparisons  had  significantly  elevated  sedimentation  rates. 
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The  Man  percent  body  fat  of  the  Ranch  Bands  vas  significantly  lover 
than  the  Comparisons  (21.10Xt0.15,  21.54X±0.14,  respectively,  p*0.037),  and 
vas  of  nearly  the  saae  Magnitude  after  adjustMnt  for  age,  race,  and  occupa¬ 
tion.  Hovever,  both  unadjusted  and  adjusted  categorical  tests  did  not  reveal 
significant  group  differences,  although  the  percent  obese  vas  lover  in  the 
Ranch  Hands  than  in  the  Coaparisons.  No  group  differences  in  percent  body 
fat  vere  noted  at  the  Baseline  examination. 

Detailed  exposure  analyses  vere  done  on  four  general  health  variables 
(appearance  of  acute  distress  vas  too  sparse  for  testing).  Only  one  analysis 
demonstrated  statistical  significance,  l.e.,  a  positive  association  of 
sediMntation  rate  abnormalities  vith  increasing  exporure  in  tho  enlisted 
flyer  cohort.  Overall,  no  consistent  pattern  of  exposure  effects  vas 
discernible,  and  the  exposure  findings  at  the  third-year  follovup  vere 
similar  to  the  findings  at  Baseline. 

Longitudinal  differences  betveen  the  1982  Baseline  and  the  1985  follovup 
examination  vere  assessed  by  analyses  of  tvo  discrete  variables,  self¬ 
perception  of  health  and  sedimentation  rate.  Perceived  health  shoved  no  - 
significant  group  differences  over  tiM,  but  both  the  Ranch  Hand  and 
Comparison  groups  paradoxically  reported  symMtrical  improvements  in  their 
perceptions  over  the  3-year  period.  The  sedimentation  rate  analysis  revealed 
a  highly  significant  group  difference  (p-0.002),  due  to  a  reversal  of 
findings  betveen  examinations,  i.e.,  a  significant  detriment  in  the  younger 
Comparisons  at  the  Baseline  versus  a  significant  detriment  in  the  Ranch  Hands 
at  the  follovup.  The  cause(s)  and  biological  relevance  of  this  observation 
are  unclear. 

In  conclusion,  a  nonspecific  assessment  of  general  physical  health  has 
shovn  relatively  close  similarity  betveen  the  Ranch  Hand  and  Comparison 
groups,  vith  the  Ranch  Hands  continuing  to  perceive  their  health  more 
negatively  than  the  Comparisons,  having  a  slightly  more  favorable  percent 
body-fat  proportion,  but  a  higher  proportion  of  abnormal  sedimentation  rates 
that  reflects  a  marked  change  since  the  Baseline  examination.  These  findings 
must  be  placed  in  context  vith  the  organ  and  system-specific  evaluations 
found  in  the  succeeding  chapters. 
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CHAPTER  10 


MALIGNANCY 


INTRODUCTION 

Cancer  is  a  aajor  suspect  disease  following  exposure  to  chlorophenols, 
phenoxy  herbicides,  and  dioxin.  Both  systemic  cancer  and  skin  cancer  are  key 
focal  points  of  this  study. 

The  issue  of  military  service  related  cancer  in  Vietnam  veterans  first 
arose  in  1978-1979  Media  presentations  emphasized  several  early  cancer 
deaths  in  several  Army  veterans,  which  were  allegedly  caused  by  exposure  to 
Agent  Orange.  The  media  reinforced  the  causal  allegations  by  citing  animal 
studies,  which  demonstrated  a  carcinogenic  effect,  and  a  few  human  studies, 
which  showed  excessive  cancer  in  specific  occupational  groups.  So  effective 
and  sustained  were  the  media  presentations  that  today  the  public  equates 
dioxin  and  Agent  Orange  exposure  to  cancer. 

In  the  larger  context  of  environmental  controversies,  Young  aptly 
described  the  Agent  Orange  issue  as  being  at  the  crossroads  of  science  and 
social  concern.  The  scientific  community  has  responded  to  the  dioxin 
question  by  a  massive  research  effort,  which  in  concert  with  class  action 
lawsuits,  is  expected  to  cost  more  than  a  billion  dollars  in  the  near 
future.  The  core  of  the  overall  research  effort  is  basic  and  applied  cancer 
research. 

Traditional  aniaal-to-man  extrapolation  difficulties  and  interspecies 
variability  have  limited  the  direct  applicability  of  much  of  the  experimental 
work  to  the  controversy.  Major  epidemiologic  challenges  have  included:  the 
ability  to  control/characterize  bias;  selection  of  suitable  controls  or 
reference  groups;  quality/quantity  of  exposure;  nisclassification  of  expo¬ 
sure;  confounding  exposure  to  known  injurious  chemicals;  sample  size  and 
statistical  power;  number  and  selection  of  relevant  risk  factors;  lack  of 
antecedent  disease  or  syndromes  (other  than  chloracne);  tine  to  event 
(latency);  rarity  of  the  endpoint;  and  tumor  type  (carcinoma,  sarcoma) 
differences  found  in  many  studies. 

For  these  reasons,  there  is  no  scientific  consensus  on  the  dioxin-cancer 
question.  There  is,  however,  a  common  thread,  raising  concern  over  soft 
tissue  sarcomas  (STS)  and  non-Hodgkin's  lymphoma  (NHL).  Pertinent  animal  and 
human  studies  underscore  the  concern  over  cancer. 

Numerous  animal  studies  have  been  conducted  to  delineate  the  role  of 
TCDD  on  tumor  initiation^  tumor  promotion,  mutagenesis,  cocarcinogenesis,  and 
DNA  reactivity.  The  consensus  of  most  research  is  that  TCDD  is  only  weakly 
mutagenic,  does  not  covalently  bind  to  DNA  or  cause  it  to  initiate  repair 
synthesis,  and  behaves  as  a  strong  tumor  promoter  in  already  initiated 
cells.* 
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The  oncogenic  response  to  TCDO  in  enieals  has  been  repeatedly  shown  to 
depend  upon  aniaal  species  and  strain,  dose,  age,  sex,  and  route  of  admin¬ 
istration.  Conventional  skin  bioassays  in  mice  produced  nixed  results  in 
sons  studies3'  but  caused  significant  detaal  fibrosarcomas  in  other  studies 
using  different  strains  of  animals.  In  the  presence  of  a  strong  carcinogen, 
TCDO  induced  skin  papillonas  in  homozygous  hairless  mice  (but  not  in  the 
heterozygous  strain),  clearly  supporting  the  promoter  role  of  TCDD,  a  non- 
genetic  mechanism  judged  to  be  related  to  receptor  binding. 

Ingestion  studies  in  several  rat  strains  at  doses  of  0.07-0.1  ug/kg/day 
produced  hepatocellular  carcinomas,  squamous  cell  carcinomas  of  the 
oropharynx  and  lung,  and  follicular  cell  thyroid  adenomas.  '  In  tvo  mouse 
strains,  gavage  doses  of  0.07-0.3  ug/kg/day  produced  hepatocellular  carci¬ 
nomas  and  thyroid  tumors.  In  the  presence  of  partial  hepatectomy  and 
diethylnitrosamine,  subcutaneous  TCDD  administration  to  rats  resulted  in^, 
hepatocellular  carcinomas,  demonstrating  the  promoter  mechanism  of  TCDD.1* 

Based  upon  these  and  other  studies,  the  International  Agency  for 
Research  on  Cancer  (IARC)  designated  TCDD  as  carcinogenic  in  1982.  There  are 
insufficient  data  to  implicate  2,4-D  and  2,4,5-T  as  carcinogens.  The 
majority  of  aniaal  studies  have  shovn  carcinomas  rather  than  sarcomas,  the 
tumor  cited  in  some  human  studies.  If  TCDD  oncogenicity  in  humans  is  to  be 
supported,  the  differences  in  tumor  types  betveen  animals  and  man  requires 
explanation. 

In  a  series  of  publications  beginning  in  1974,  commonly  known  as  the 
"Swedish  studies,"  extensive  inquiry  was  made  into  occupational  cancer 
following  exposure  to  a  variety  of  herbicides.  Four  related  efforts1 3- 
using  Swedish  railroad  workers  found  an  increased  cancer  incidence  mostly 
associated  with  non-TCDD  herbicides.  However,  a  case-control  analysis  of 
these  data  by  other  investigators  suggested  cancer  promotion  following 
phenoxy  acid  exposure. 

Prompted  by  a  slight  increase  in  STS  in  the  railroad  workers  and 
clinical  experience  with  a  case  series  of  STS,  Bardell  and  coworkers  launched 
an  extensive  second  round  of  studies.  ~  These  efforts  showed  statisti¬ 
cally  significant  increased  risks  for  STS,  Hodgkin's  Disease  (DD),  and  NHL. 
For  exposure  to  phenoxy  acids  alone,  the  risk  ratio  ranged  from  5.3  to  6.8 
for  STS  in  northern  and  southern  Sweden,  respectively,  while  a  range  of  3.3 
to  6.6  was  noted  for  exposure  to  chlorophenol  alone.  For  malignant  lymphoma 
(FJ>  plus  NHL),  risk  ratios  of  8.4  and  4.8  were  respectively  demonstrated  for 
chlorophe.  si  and  phenoxy  acid  exposures.  An  association  of  nasal  and 
nasopharyngeal  cancer  to  chlorophenol  exposure  (risk  ratio,  6.7)  was  also 
detected,37  but  other  specifically  focused  studies  of  primary  liver  cancer 
and  colon^pa^fer  were  negative  with  respect  to  phenoxy  acid  or  chlorophenol 
exposure.4'  The  colon  cancer  study  was  conducted  specifically  to  demon¬ 
strate  a  lack  of  respondent  bias  to  "validate"  previous  questionnaire  and  * 
interview  methods  used  in  the  STS  studies. 

From  the  j^tsgt,  t*ie  Swedish  studies  have  been  criticized  on  method- 
ologic  issues,  ~  prompting  the  primary  authors,  Axelson  and  Bardell,  to 
respond  with  clarifications,  new  calculations,  amplifying  studies  on 
additional  cohorts,  and  studies  on  other  cancers.  '  '  ~  The  chief 

criticisms  centered  upon  possible  respondent  and  observational  biases, 
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selection  of  controls,  confounding  exposures,  and  degree  of  true  exposure  to 
phenoxy  acids  and  chlorochvnols .  The  authors  ansvered  these  criticises 
vithin  the  inherent  constraints  of  the  case-control  methodology.  Their 
efforts  have  been  character iced  as  careful,  clever,  and  properly  stated,  end 
have  received  favorable  reviews.  ' 

Four  snail  industrial  mortality  studies  were  conducted  in  the  late 
1970' s  and  early  1980's.  ~  NIOSH  investigators  pooleu  the  data  from  these 

studies  and  noted  that  three  of  the  105  deaths  (2.9X)  in  these  studies  vere 
due  to  STS  as  contrasted  to  an  expected  C.07  percent  in  the  U.S.  general 
population.  This  study  has  been  criticized  for  the  hasty  addition  of 
possibly  ncnconp&rable  industrial  cohorts.,  and  the  lack  of  histologic  confir¬ 
mation  of  the  STS  cases,  A  subsequent  case  report  added  another  STS  case  to 
the  industrial  studies,39  and  two  other  reports  revealed  three  unrelated  STS 
cases  also  arising  from  the  industrial  sector.  '  However,  upon  closer 
inspection,  only  tvo  of  the  firs t  four  cases  vere  confirmed  as  STS  by  an 
independent  histologic  review.4  Other  review  findings  of  the  seven  total 
cases  vere  notevorthy:  there  vas  poor  agreement  on  the  histologic  subtype  of 
the  soft  tissue  tumors,  and  because  of  a  quirk  in  tne  International 
Classification  of  Diseases  (ICD)  System,  wherein  organ-specific  sarcomas  are 
coded  separately  from  soft  and  connective  tissue  tumors  (ICD  171),  death- 
certificate  based  studies  will  underascertain  STS  by  approximately  40  per¬ 
cent.  '  This  latter  problem  did  not  affect  the  Swinish  studies. 

Other  cancer  studies  throughout  the  world  shoved  mixed  support  for  the 
Swedish  findings.  An  Italian  case-control  effort44  shoved  a  weak  association 
between  ovarian  mesothclial  tumors  and  herbicide  exposure,  whereas  a  Finnish 
study  of  a  small  number  of  pesticide  sprayers  understandably  did  not  detect 
any  cases  of  STS  or  malignant  lymphomas  (KL).4  A  study  of  more  than  4,000 
Danish  phenoxy  herbicide  workers  noted  five  STS  cases  (versus  1.8  expected) 
and  seven  ML  cases  (versus  5.4  expected).4  The  author  concluded  that  the 
STS  observation  supported  the  Swedish  work  and  that  the  ML  rate  did  not.  One 
New  Zealand  case-control  study  shoved  a  nonsignificant  relative  risk  of  1.3 
for  STS  among  occupations  consistent  with  phenoxy  herbicide  exposure, 
although  a  risk  of  7.2  was  noted  for  STS  and  potential  chlorophenol  exposure 
in  tanneries. 

A  related  second  career  registry-based  case-control  study  revealed 
significant  excesses  of  agricultural  and  forestry  occupations  from  ML  cases 
and  multiple  myeloma  cases  (odds  ratio  1.25).  In  a  similar  but  larger 
cancer  registry  study  in  Sweden,  there  vas  no  increased  risk  of  STS  (relative 
risk  0.9)  in  agricultural  or  forestry  workers  as  contrasted  to  other  indus¬ 
trial  workers.  Further,  the  STS  risk  was  const ant  over  time  in  spite  of 
increased  usage  or  phenoxy  acid  herbicides  from  194/  to  1970.  This  Swedish 
study  did  not  confirm  or  shew  a  trend  consistent  with  the  earlier  Hardell 
Swedish  studies. 

A  recent  U.S.  case-control  study  from  the  Kansas  cancer  registry  has 
provided  partial  support  for  Hardell' s  observations.  3  The  Kansas  study  was 
very  similar  in  methodology  to  the  early  Swedish  studies  and  tried  to  avoid 
bias  and  mrsclissificatlan.  An  prevail  risk  of  1.6  vas  found  for  NHL  in  men 
exposed  to  herbicides,  particularly  2,4ci).  As  tha  frequency  of  herbicide 
exposure  increased  to  more  than  20  days  per  year,  the  risk  of  NHL  increased 
to  sixfold  vis-a-vis  noniarmers.  For  herbicide  applicators,  the  risk  for  NHL 
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was  8.0  A  simultaneously  published  reviev  of  the  Kansas  work  noted  that 
this  should  shift  scientific  concern  froa  STS  to  NHL.  A  population-based 
case-control  study  of  STS  and  NHL  in  western  Washington  found  >o  overall 
increased  risk  of  these  diseases  associated  vith  an  occupational  history  of 
exposure  to  chlorophenols  or  phenoxy  herbicides."  However ,  risks  of  NHL 
were  significantly  elevated  in  the  specific  occupational  categories  of 
farmers,  forestry  herbicide  applicators,  and  those  individuals  potentially 
exposed  to  phenoxy  herbicides  in  any  occupation  for  15  years  or  more.  An 
increased  risk  of  NHL  was  also  noted  aaong  those  with  occupational  exposure 
to  insecticides,  organic  solvents,  lead,  and  welding  fumes. 

A  number  of  Vietnam  veteran  studies  has  attempted  to  determine  vhet^?rgo 
veterans  have  experienced  excessive  mortality,  particularly  from  cancer. 

Most  of  the  studies  used  proportionate  mortality  ratio  (PMR)  methodology  and 
equated  Vietnam  service  with  potential  exposure  to  Agent  Orange,  a  procedure 
of  considerable  imprecision  (mlsclassiflc&tion).  These  exposure  allocation 
difficulties,  coupled  with  the  inherent  methodological  weaknesses  of  the  PMR 
technique,  have  minimized  the  contribution  of  these  studies  to  the  overall 
cancer  issue. 

As  might  be  predicted  by  these  pioblems,  almost  all  of  the  veteran 
studies  were  negative  for  generic  cancer  associations,  as  well  as  for  STS, 

HD,  and  NHL  association?.  As  an  example  of  the  veteran  studies,  the 
Australian  retrospective  cohort  mortality  effort  revealed  an  overall  relative 
mortality  ratio  of  0.99,  an  overall  cancer  mortality  ratio  of  0.95,  and 
nonsignificant  statistical  differences  for  STS,  NHL,  and  HD.  In  a  recent 
Vietnam  experience  study  of  STS  using  the  case-control  method,  no  significant 
association  was  found  between  military  service  in  Vietnam  and  the  subsequent 
occurrence  of  STS. 

No  consistent  pattern  for  other  cancer  types  has  emerged  from  the  entire 
body  of  herbicide  literature.  None  of  the  leukemias  has  been  associated  with 
exposure  to  Herbicide  Orange  nor  any  of  its  constituents.  Two  studies  noted 
slight  increases  in  gastric  cancer13'  and  tvo  others  cited  modest  risks  for 
lung  cancer.6  '  A  recent  Swedish  study  reported  slight  excesses  of  rectal 
cancer  male  workers  and  increased  cervical  cancer  froa  the  exposed  female 
cohort.  Overall,  these  and  other  observations  have  not  been  consistent 
vith  the  expectation  that  dioxin,  as  a  cancer  promoter,  should  increase  the 
occurrence  of  common  "background"  cancers. 

Prom  another  perspective,  i£  clear-cut  exposure  to  2,4-D  or  dioxin  is 
shown  to  cause  an  immunological  deficiency  (sea  Chapter  19),  an  expectation 
would  be  a^5e^essive  representation  of  B-cell  tumors  from  the  population  of 
NHL  cases.  ~  An  excess  of  B-cell  neoplasms  has,  in  fact,  not  been 
described  in  NHL  cases  from  industrial  or  veteran  cohorte  to  date. 

I l  is  unlikely  that  the  cancer  question  vill  be  clearly  resolved  in  the 
near  future.  Dioxin  exposure  in  industry  and  agriculture  has  fallen  precip¬ 
itously  since  the  1970's,  while  exposures  to  2,4-D  and  non-TCDD  containing 
herbicides  have  continued.  Veteran  studies  characterized  by  low  or 
undocumented  exposure  to  Agent  Orange,  and/or  of  small  cohort  size  are 
unlikely  to  contribute  substantive  data  for  the  evaluation  of  type-spar.ific 
cancers  although  they  nay  contribute  to  the  resolution  of  the  generic  cancer 
issue. 
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In  s usury,  Swedish  studies  first  noted  an  approximate  sixfold  risk  of 
soft  tissue  sarcoeta  and  r  alignant  lymphoma  in  forestry  workers  exposed  to 
both  phenoxy  acid  herbicides  (not  containing  the  dioxin  contaminant)  end 
chlorophenols  (containing  dioxin).  A  large  number  of  international  studies 
vere  predominantly  rotisupportive  of  the  Swedish  observations.  Recent  U.S. 
research  on  agricultural  workers,  however,  provided  some  support  for  a  i'on- 
Hodgkin's  lymphoaa-phenoxy  acid  exposure  association.  The  future  scientific 
focus  is  expected  to  shift  from  dioxin  herbicides  to  nondloxin  herbicides  and 
froe  soft  tissue  sarcoeas  to  malignant  lymphomas.  Studios  of  other  veteran 
populations  will  not  likely  contribute  to  the  new  emphasis,  largely  because 
of  exposure  uncertainties. 


Baseline  Snemry  Results 


Cancer  received  major  emphasis  during  the  19.82  AFHS.  The  assessment  of 
malignancy  used  data  from  both  the  in-home  questionnaire  and  the  review-of- 
sy stems  questionnaire  obtained  during  the  physical  examination  as  well  as 
data  from  the  examination  itself.  All  subjective  data  vere  verified  by 
medical  record  reviews.  In  addition,  tabulation  of  mortality  count  data  from 
the  Base,  ine  Mortality  Report6*  was  nsed  in  conjunction  with  cancer  morbidity 
information.  The  overall  results  showed  an  equivalence  of  systemic  cancer 
(p-0.46)  in  the  tvo  groups  but  significantly  more  nonmelanotic  skin  cancer 
(p-0.03)  in  the  Ranch  Hands. 

Of  50  reported  systemic  cancers  from  the  Ranch  Hand  and  Comparison 
groups,  28  (14  In  each  group)  were  verified  by  radical  records  and  pathology 
reports.  A  visual  inspection  of  anatomic  sites  showed  a  slight  excess  of 
genitourinary  cancer  and  oropharyngeal  cancer  but  a  relative  deficit  of 
digestive  systea  neoplasms  in  tbe  Ranch  ifcnds.  A  combined  morbidity-mortality 
analysis  derived  from  the  initial  1:1  match  (Ranch  Hand  to  the  C-l  Comparison 
member)  disclosed  similar  distributions.  One  case  of  soft  tissue  sarcoma  and 
one  case  of  Hodgkin's  Disease  vere  confirmed,  both  in  the  Comparison  group. 
Exposure  analyses  for  industrial  chemicals  and  x  rays  wore  negrtive  as  were 
most  of  the  herbicide  exposure  analyses  in  the  Ranch  Hand  group.  All  of  the 
exposure  analyses  vere  based  upon  very  small  numbers,  and  interactions  vere 
noted  in  several  strata. 

Questionnaire  data  verified  by  medical  rsco'd  reviews  revealed  signif¬ 
icantly  more  skin  cancer  in  the  Ranch  Hands  (relative  odds  2.35).  Basal  call 
ca  cinoma  accounted  for  83. 5  percent  of  the  reported  skin  cancers  in  both 
groups  and  vas  concentrated  anatomically  on  the  face,  head,  and  neck.  The 
fey  melanoma  and  squamous  cell  cancers  vere  evenly  distributed  between  the 
Ranch  Hand  and  Comparison  groups.  All  skin  cancers  occurred  in  nonblacks. 
Adjustments  for  occupational  exposures  (e.g.,  asbestos,  degreasing  chemicals) 
did  not  alter  the  increased  rate  of  skin  cancer  in  the  Ranch  Hand  group. 

Skin  cancer  in  both  groups  vas  associated  vith  exposure  to  industrial 
chemicals  (p»0.03).  Herbicide  exposure  analyses  in  the  Ranch  Hand  group  vere 
essentially  negative,  although  confounding  was  noted  in  many  of  the  analyses. 
Outdoor  occupations  subsequent  to  military  service  as  a  covariate  did  not 
account  for  the  significant  skin  cancer  association. 


Parameters  of  the  1985  Malignancy  Assessment 

The  emphasis  cn  cancer  was  Increased  during  the  first  follovup  study  in 
1985.  Vith  the  Baseline  finding  of  excessive  skin  cancer  in  the  Ranch  Hands , 
and  the  lack  of  covariate  data  to  refine  that  association*  considerable 
attention  vas  devoted  to  skin  cancer.  The  questionnaire  vas  altered  to 
collect  information  on  each  geographic  location  in  which  a  participant  lived 
for  more  than  12  months  in  order  to  calculate  a  cumulative  "lifetime"  sun 
exposure  index  based  on  geographic  latitude*  since  ultraviolet  light  exposure 
has  been  acknowledged  as  the  primary  cause  of  basal  cell  carcinoma.  Detailed 
data  on  skin  tannability,  eye,  skin*  and  hair  color*  and  parental  ethnicity 
vere  also  obtained.  In  addition*  emphasis  at  the  dermatologic  examination 
vas  shifted  from  acne/chloracne  to  skin  cancer,  and  punch  biopsies  vere 
sought  for  all  suspected  malignant  lesions. 

The  participants  vere  asked  to  bring  copies  of  their  medical  records  to 
facilitate  the  verification  of  reported  malignancies.  Highly  structured 
smoking  data  vere  collected  for  more  detailed  covariate  adjustments*  and 
Baseline  questions  on  exposure  to  other  carcinogens  vers  repeated  to  gather 
interval  data.  No  invasive  procedures  vere  used  at  the  follovup  physical 
examination  to  detect  evidence  of  systemic  canoe ** 

Thus,  the  dependent  variables  of  the  analyses  belov  are  similar,  to  the 
Baseline  analyses,  but  covariate  analyses  have  been  expanded  for  both  skin 
and  systemic  cancers.  The  lifetime  occurrence  of  cancer*  as  veil  as  the 
interval  occurrence  of  skin  and  systemic  cancers  betveen  the  Baseline  and 
follovup  examinations,  is  analyzed. 

Minor  numeric  differences  in  various  tables  that  follow  reflect  missing 
data  from  the  covariates.  The  statistical  methods  used  V  roughout  this 
chapter  are  Fisher's  exact  test,  chi-square  tests  of  association*  and 
logistic  regression  models  (BMDF*-LR)  for  adjusted  group  contrasts  of 
neoplasm  incidence  .rates. 


RESULTS  AND  DISCUSSION 


General 


Malignant  an-',  benign  neoplasms*  carcinomas  in  situ*  and  neoplasms  of 
uncertain  behavior  or  unspecified  nature  are  studied  in  this  chapter.  The 
term  "systemic"  is  used  throughout  to  denote  a  nonskin  neoplasm.  The  term 
"unspecified"  is  used  to  denote  a  neoplasm  of  uncertain  behavior  or 
unspecified  nature.  Neoplasm  refers  to  any  new  and  abnormal  growth  which  may 
or  may  net  be  malignant.  Malignant  neoplas*.-  (malignancies*  cancer)  are 
those  neoplasms  that  are  capable  of  invasion  and  metastasis. 


Questionnaire  Data 

At  the  follovup  examination,  participants  provided  information  on  cancer 
during  tue  interval  betveen  examinations  and  participants  vho  were  new  to  the 
study  gave  their  lifetime  history.  All  "eported  neoplasms  entered  the 
medical  records  review  process  for  veriiicaticn.  Only  11  Ranch  Hands  (1.1X) 
and  12  Comparisons  (0  9X)  reported  neoplastic  conditions  which  could  not  be 
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substantiated  (all  of  the  akin);  the  group  difference  vas  nonsignificant 
(p*0.833). 


ghfligd  Examination  Data 

Soef  possible  neoplastic  conditions  /era  discovered  by  the  physicians  at 
the  physical  examination.  Many  suspicious  skin  lesions  vere  biopsied  and  the 
pathology  determined.  Sovever,  for  soee  suspected  skin  neoplasms  and  all 
suspected  systeaic  neoplasms,  verification  yas  not  complete  at  tha  tine  of 
vrlting  this  report,  and  thus  both  verified  and  suspected  neoplasas  are 
described  and  analyzed.  The  tern  suspected  is  usad  throughout  to  denote 
those  possible  neoplastic  conditions  noted  by  the  physicians  at  the  follovup 
examination  for  vhich  the  results  of  verification  are  not  yet  available. 
Consideration  of  suspected  neoplasas  vas  justifiable  in  particular  for  skin 
neoplasas,  for  vhich  the  biopsy  confirmation  rate  is  high. 


Statistical  Analysis 

The  statistical  analysis  is  deacribad  in  three  sections.  The  first 
section  presents  unadjusted  and  adjusted  analyses  of  skin  and  systeaic 
neoplaaa  incidence  in  the  Baseline-follovup  interval,  and  is  referred  to  as 
interval  analysis.  In  the  second  section,  unadjusted  and  adjusted  analyses 
of  lifetime  skin  and  systeaic  neoplasm  incidence  are  analysed  for  the 
follovup  participants,  incorporating  Baseline  information.  Since  there  vere 
very  fev  neoplasm  occurrences  before  tha  SEA  tours,  this  coaclned  interval 
and  baseline  analysis  is  referred  to  throughout  as  lifetime  analysis. 

Lastly,  the  neoplasm  nistory  and  mortality  of  the  fully  compliant  Baseline 
participants  subsequent  to  Baseline  are  described.  All  analyses  are  of  the 
numbers  cl  participants  vith  (one  or  more)  neoplasas,  and  not  of  the  total 
number  of  neoplasms. 

The  purpose  of  theue  three  analysed  is  to  present  a  comprehensive 
picture  of  the  neoplasia  history  of  the  follovup  participants,  and  to  provide 
some  additional  information  on  the  neoplasia  states  of  the  Baseline  partic¬ 
ipants  subsequent  to  Baseline.  There  vas  a  slight  difference  between  the 
Baseline  and  follovup  cohorts.  The  interval  and  lifetime  analyses  pertain  to 
neoplasm  incidence  aacn^  follovup  participants  only.  The  third  section 
pertains  to  Baseline  participants  only,  describing  their  history  of  neoplasm 
incidence  and  mortality  since  Baseline.  A  fully  combined  morbidity-mortality 
analysis  was  not  feasible  for  this  report. 

assuming  a  (tvo-sided)  a  -level  of  0.05  and  pover  0.9,  the  sample  sizes 
vere  sufficient  to  detect  a  relative  risk  of  2.56  vhen  the  Comparison 
neoplasm  Incidence  rate  is  1  percent,  and  a  relative  risk  of  1.63  vher.  the 
Comparison  neoplasm  incidence  rate  is  5  percent.  or  nonblacks  only,  the 
corresponding  detectable  relative  risks  are  2.63  and  1.65,  respectively. 

All  analyses  of  data  from  Ranch  Hands  and  the  Original  Comparisons  only 
are  given  in  Appendix  H.  This  appendix  also  contains  other  tabulations,  such 
a*i  -  ’’ate  and  interaction  tables. 


Baseline-Followup  Interval 


Table  10-1  shova  the  Baseline-follovup  interval  neoplaaa  history  for  the 
follovup  participants.  The  interval  began  in  January  1982  for  participants 
nev  to  the  study,  i.e.,  the  45  nev  Ranch  Hands,  the  71  nev  replacement 
Comparisons,  and  83  newly  compliant  Original  Comparisons. 

The  total  numbers  of  participants  vith  verified  neoplasms  vere  161/1,016 
(15.82)  Ranch  Hands  and  170/1,7.93  (13.12)  Comparisons;  the  group  difference 
vas  marginally  significant  (pa0.073).  The  relative  frequencies  of  partic¬ 
ipants  vith  verified  plus  suspected  neoplasms,  17.4  percent  of  Ranch  Hands 
and  16.2  percent  of  Comparisons,  did  not  differ  significantly  between  groups 
(p«0.466) . 

Appendix  Table  H-l  gives  the  numbers  of  participants  vith  verified  or 
suspected  neoplasms  and  unadjusted  analyses  for  the  Ranch  Hands  and  Original 
Comparisons  in  the  Baseline-follovup  interval. 


Interval  Skin  neoplasms 

Of  Ranch  Hands  vith  verified  neoplasms  of  all  types  (malignant,  benign, 
and  uncertain)  70.8  percent  (114/161)  had  skin  neoplasms;  the  corresponding 
percentage  for  the  Comparisons  vas  68.2  percent  (116/170).  The  difference  in 
these  proportions  vas  not  significant  (p»0.634).  When  suspected  neoplasms 
vere  included,  the  contrast  vas  70.1  percent  (124/177)  versus  67.6  percent 
(142/210),  again  not  significant  (p>0.660). 

No  Blacks  vere  found  to  have  skin  cancer,  as  anticipated  since  Blacks 
have  a  lover  susceptibility  to  sun-induced  skin  cancer.  Therefore,  ahalysis 
of  skin  cancer  vas  limited  to  nonblacks. 

Of  Ranch  Hands  vith  skin  neoplasms,  32.5  percent  (37/114)  had  malignant 
neoplasms,  as  contrasted  to  34.5  percent  (40/116)  of  the  Comparisons 
(p-0.781) .  When  suspected  malignant  skin  neoplasms  vere  included,  the 
contrast  vas  37.9  percent  (47/124)  versus  42.3  percent  (60/142),  and  vas  not 
significant  (p«0.531). 

For  the  remainder  of  this  section,  only  malignant  skin  neoplasms  are 
analyzed.  The  dependent  variables  examined  vere  basal  cell  carcinomas, 
melanomas,  squamous  cell  carcinomas,  all  skin  cancers  combined,  and  a  group 
of  skin  cancers  called  sun  exposure- related  skin  malignancies.  The  sun 
exposure-related  skin  malignancies  vere  defined  as  basal  cell  carcinomas, 
melanomas,  and  malignant  epithelial  neoplasms  not  otherwise  specified  (NOS). 
The  latter  vere  included  because  they  are  frequently  misdiagnosed  basal  cell 
carcinomas;  three  Ranch  Hands  had  this  diagnosis. 


Interval  Malignant  Skin  Neoplasms 

Table  10-2  presents  the  numbers  of  participants  vith  verified  and 
suspected  malignant  skin  neoplasms  by  cell  type:  basal  cell  carcinomas, 
squamous  cell  carcinonas,  melanomas,  all  skin  malignancies  combined,  and  the 
sun  exposure-related  skin  malignancies,  together  vith  the  results  of 
unadjusted  group  contrasts.  For  the  sake  of  completeness,  the  total  numbers 
of  malignancies  of  each  type  are  also  given.  The  majority  of  the 


10-8 


TAHZ  10-1. 

Amty—  of  MIouup  tatidpents  vith  Verified 
nd  Suspected  Me^ile—  in  the  Best  line  Thllnwjp  Interval  by  Gfcoup 
(Honhlacta  ad  Hecks) 

_ gga* _ 

Reach  Band  Ooeparlscn 

Neoplass  Behavior 

Site  and  Status  Nudxr**  Percent  NiMmr**  Percent  Total**  p-Value*** 


Sdn 

Halignent 

Verified 

37 

3.6 

40 

3.1 

77 

0.485 

Verified  end  Suspected 
Eanigi 

47 

4.6 

60 

4.6 

107 

0.999 

Verified 

76 

7.5 

77 

6.0 

153 

0.152 

Verified  and  Suspected 

78 

7.7 

83 

6.4 

161 

0.250 

Uncertain  Behavior 
end  Unspecified 

Nature: 

Verified 

1 

0.1 

1 

0.1 

2 

0.999 

Verified  and  Suspected 
Any  Skin  Neoplasm* 

1 

0.1 

1 

0.1 

2 

0.999 

Verified 

114 

11.2 

116 

9.0 

230 

0.080 

Verified  md  Suspected  124 

12.2 

142 

11.0 

266 

0.393 

Systemic 

Maligant 

Verified 

8 

0.8 

7 

0.5 

15 

0.603 

Verified  and  Suspected 
Benign 

12 

1.2 

12 

0.9 

24 

0.600 

Verified 

42 

4.1 

50 

3.9 

92 

0.749 

Verified  end  Suspected 

48 

4.7 

61 

4.7 

109 

0.999 

Uncertain  Behavior 
and  Unspecified 

Nature: 

Verified 

6 

0.6 

7 

0.5 

13 

0.999 

Verified  and  Suspected 
Ary  Systemic  Neoplasm1* 

6 

0.6 

11 

0.9 

17 

0.625 

Verified 

55 

5.4 

61 

4.7 

116 

0.445 

Verified  and  Suspected 

65 

6.4 

80 

6.2 

1*5 

0.863 

All 

Halignent,  Benign, 

Uncertain  Behavior, 
Unspecified  ffature4 

Verified 

161 

15.8 

170 

13.1 

331 

0.073 

Verified  and  Suspected  177 

17.4 

210 

16.2 

387 

0.466 

*Sample  sizes:  1,016  Ranch  Hands  and  1,293  Caparisons. 

**Nunber  of  participants. 

***Fisher's  exact  test. 

‘Participant  has  one  or  more  malignant,  benign,  or  unspecified  skin  neoplasm. 
Participant  has  one  or  mote  malignant,  benign,  or  unspecified  systemic 
neoplasms. 

Participant  has  one  or  mote  malignant  or  benign  skin  or  systemic  neoplasms. 
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Unadjusted  Analyses  of  Monblack  Followup  Participants  with  Verified  and  Suspected 
Malignant  Skin  Heoplasas  in  the  Baseline- Followup  Interval  by  Call  Type  and  Group 
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participants  vith  verified  skin  malignancies  had  basal  call  carcinomas^  78. A 
par cant  (29/37)  Ranch  Bands  varsus  73.0  par cent  (30/AO)  Comparisons;  the 
difference  betveen  the  groups  vas  not  significant  (p-0.792). 


Unadjusted  Analyses 

Table  10-2  shovs  that  no  significant  group  differences  vara  found  in  the 
incidence  rates  of  either  verified  or  verified  plus  suspected  malignant  skin 
neoplasms .  For  verified  basal  cell  carcinoses,  the  estimated  relative  risk 
of  Ranch  Hands  versus  Comparisons  vas  1.23  (95X  C.I.t  [0.73,2.07j)  and  vas 
not  significant  (p-0.429).  The  estiaateu  relative  risk  for  verified  squamous 
cell  carcinoma,  1.27  (951  C.I.:  [0.32,5.081),  vas  also  not  significant 
(p«0.738).  The  estimated  relative  rick  for  verified  melanoma,  0.42  (951 
C.I.t  (0.04,4.061),  vas  also  not  significant  (p«0.635).  There  vere  very  fev 
occurrences  of  melanoma  (one  Ranch  Hand  and  three  Comparisons)  since  this  is 
a  much  rarer  condition  than  other  kinds  of  skin  cancer.  There  vere  no  signif¬ 
icant  differences  betveen  the  groups  for  all  verified  malignant  skin  cancers 
combined  (Bst.  RR:  1.18,  95X  C.I.t  [0.73,1.86],  p«0.486)  or  for  the  category 
of  sun  exposure-related  skin  malignancies  (Sst.  RRt  1.24,  95X  C.I.t 
[0.75,2.02],  p™0.447).  Vhen  both  verified  and  suspected  malignant  skin 
neoplasms  vere  analysed,  the  conclusions  vere  similar,  namely,  there  vere  no 
significant  differences  betveen  the  groups,  and  moreover,  the  estimated 
relative  risks  vere  closer  to  1.  No  group  differences  vere  found  in  the 
parallel  contrasts  of  Ranch  Hands  versus  Original  Comparisons  (see  Table  H-2 
of  Appendix  H). 

As  shovn  in  Table  1C-3,  additional  analyses  contrasted  group  differences 
in  the  anatomic  location  of  basal  cell  carcinomas,  melanomas,  and  sun 
exposure-related  skin  malignancies.  Host  occurrences  of  basal  cell  cardnona 
and  sun  exposure-related  skin  malignancies  vere  on  the  face,  heed,  or  neck, 
or  the  upper  extremities.  The  relative  frequency  of  occurrences  of  verified 
basal  call  carcinomas  at  thesa  combined  sites  vas  89.7  percent  for  Ranch 
Hands  and  80.0  percent  for  Coaparlsons  of  the  total  number  of  occurrences  in 
each  group,  respectively.  The  group  contrast  (26/29  varsus  24/30)  vas  not 
significant  (p-0.472).  These  combined  sites  accounted  for  90.6  percent 
(29/32)  of  the  sun  exposure-related  malignancies  for  Ranch  Bands  vorsus 
72.7  percent  (24/33)  for  Comparisons;  this  contrast  vas  also  not  significant 
(p-0.108).  The  corresponding  contrasts,  vhen  suspected  malignant  neoplasms 
vere  included  vith  the  verified  malignant  neoplasms,  vara  also  not 
significant.  One  Ranch  Hand  had  verified  melanoma  of  the  fact,  and  three 
Comparisons  had  verified  melanoma  on  the  trunk.  Tvo  other  Comparisons  had 
suspected  melanoma,  also  on  the  trunk.  The  group  contrast  for  melanomas  on 
the  trunk  vas  not  significant  for  verified  conditions  (p«0.260),  but  vas 
marginally  significant  for  verified  plus  suspected  conditions  (p-0.071),  the 
detriment  being  in  the  Comparison  group. 

Table  10-4  gives  the  frequencies  of  participants  vith  face,  head,  and 
neck  skin  malignancies  by  group  and  occupation.  Specifically,  nonmelanoma 
malignant  skin  neoplasms  and  the  sun  exposure-related  malignant  skin 
neoplasms  are  listed  by  occupational  category.  For  officers  and  enlisted 
groundcrev,  the  frequencies  of  participants  vith  face,  head,  and  neck 
aalignant  skin  neoplasms  (both  malignant  nonmelanoma  and  the  aalignant  sun 
exposure-related  skin  neoplasas)  did  not  differ  significantly  by  group. 
Hovever,  the  Ranch  Hand  enlisted  flyers  had  a  significantly  higher  frequency 
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of  Malignant  sun  exposure-related  skin  neoplasms  than  tho  corresponding 
Coapar Isons,  4.8  par cant  varsus  1.0  parcant  (p-0.049).  For  nonaelanoma 
aalignant  skin  naoplasss,  tha  contrast  vas  4.8  parcant  varsus  1.6  parcant, 
but  tha  diffaranca  vas  not  significant  (p^0.121).  Inclusion  of  suspected 
aalignant  naoplasns  vith  tha  varifiad  malignant  naoplasas  raducad  tha 
significance  of  tha  diffaranca  batvaan  tha  groups  for  both  eha  sun 
axpoaura-ralatad  skin  malignancies  and  tha  nonsalanoaa  malignant  skin 
naoplasas. 

Adjusted  group  contrasts  of  tha  incidence  rate  of  basal  call  carcinomas 
and  aalignant  sun  exposure-related  skin  neoplasms  vers  done  for  verified  and 
verified  plus  suspected  conditions.  Adjusted  analyses  vere  not  carried  out, 
hovavar,  for  melanomas  or  squamous  cell  carcinomas  because  of  tha  small 
frequencies. 


Covariates 

Tha  covariates  considered  for  tha  adjusted  analyses  of  malignant  skin 
neoplasm  incidence,  listed  in  Table  10-5,  vara  the  Batching  variables  age  and 
occupation;  history  of  alcohol  and  cigarette  use;  host  factors,  comprising 
skin  color,  eye  color,  hair  color,  and  ethnic  background;  reaction  of  skin  to 
sun  exposure;  average  lifetime  residential  latitude;  and  exposure  to  recog¬ 
nised  carcinogens.  Age  vas  used  as  a  continuous  variable  in  th«r  adjusted 
analyses,  but  vas  categorised  for  ease  of  presentation  in  the  report. 

Bye  color,  hair  color,  and  skin  color  ware  coded  by  the  dermatologist  at 
the  physical  examination.  Hair  color  vas  determined  by  comparing  tha  hair  at 
the  back  of  the  neck  vith  17  numbered  standardised  hair  samples  and 
selecting  tha  most  closely  matching  hair  sample.  Similarly,  skin  color 
groupings  from  dark  brovn  to  pale  peach  vara  determined  by  comparing 
standardized  flash-colored  squares70  against  tha  skia  of  tha  inside,  upper 
arm.  For  tha  analysis,  hair  and  skin  colors  vere  grouped  as  shovn  in 
Table  10-5.  Bach  participant  vas  assigned  to  one  of  four  ethnic  groups 
according  to  his  responses  to  questions  on  race,  as  given  in  Table  10-5. 
(Blacks  vere  omitted  from  the  table  because  the  analysis  of  aaligarnt  skin 
neoplasia  vas  restricted  to  nonblacks.)  These  ethnic  categories  ar» 
approximate  groupings  in  terms  of  susceptibility  to  sun-induced  skin  damage. 
The  ethnic  categories  also  generally  corralate  to  skin  color,  a  commonly 
knovn  important  risk  factor  for  skin  cancer. 

A  lifetime  residential  history  vas  obtained  from  all  participants  by  u 
questionnaire.  Residential  history,  relative  to  the  equator,  is  a  surrogate 
measure  of  sun  exposure  (but  does  not  account  for  altitude  or  average 
sun-days  at  each  location),  an  important  risk  factor  for  skin  cancer.  Bach 
participant  vas  asked  to  list  ell  residences  chronologically,  citing  both  the 
city  (or  military  installation)  and  tha  years  of  residence  at  each  location 
since  birth.  Residences  of  less  than  1  year  vera  not  sought  because  of  the 
frequent  short-term  military  travels  of  these  cohorts. 

By  standardized  geogrephic  atlases,  the  latitude  (in  degrees  and 
einutes)  of  each  residence  vas  recorded.  The  Air  Force  subsequently  checked 
all  of  the  latitude  determinations  for  accuracy.  The  average  lifetime 
residential  latitude  of  each  participant  vas  calculated  by  dividing  the  total 
degree-years  (i.e.,  sum  of  latitude  (degrees]  times  number  of  years  lived 
there)  from  all  residences  by  the  total  number  of  residential  years  listed. 
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TABLE  10-5. 


ComiatM  for  Analyses  of  Knilgiunt  Skin  Neoplasms 


Covariate 


Category 


Ago 


Born  £1942,  1923-1941,  £922* 


Occupation  Officer,  Enlisted  Flyer,  Enlisted  Groundcrew 

Lifetiae  Cigarette  Smoking  Peck-years:  0,  >0-20,  >20-40,  >40 


Lifetlae  Alcohol  Consumption 
Ethnic  Background 
Skin  Color 


Drink-years:  0,  >0-5,  >5-30,  >30-100,  >100 
A,  3,  C,  Dfc 

Dark,  medium,  pale,  dark  peach,  pale  peach  • 


Hair  Color  Black,  dark  brown,  ltgh-  brown,  blond,  red 

Eye  Color  Brown,  hassl,  green,  gray,  blue0 


Reaction  of  Skin  tc  Sun 
Exposure0 : 

(A. 1)  After  first  30  minutes 
of  summer  sun 

(A. 2)  After  £2  hours,  after 
first  exposure 

(A. 3)  After  repeated  sun 
exposures 


Burns,  usually  burns,  burns  mildly,  rarely 
burns 

Burns  painfully,  burns,  becomes  red,  no 
reaction 

Freckles  with  no  tan,  tans  aildly,  tans 
moderately,  tans  deep  brown 


Sun-Reaciion  Index  (Composite)4  (1)  Burns  painfully  (A. 2)  and/or  freckles 

with  no  tan  (A. 3) 

(2)  Burns  (A. 2)  and/or  tans  aildly  (A. 3) 

(3)  All  other  reactions 


Residential  History  Average  ititude  <37°,  >t37# 

(Average  Latitude) 


Exposure  to  Carcinogens/Groups 
of  Carcinogens 

Set  r 


Asbestos  Yes,  No 
Nonaedical  X  Rays  Yes,  No 
Industrial  Chemicals  Yes,  No 
Herbicides  Yes,  No 
Insecticides  Yes,  No 
Degreasing  Chemicals  .  Yes,  No 
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TAB LX  10-5.  (continued) 

Covariates  foe  Analyses  of  Malignant  Skin  Neoplasns 


Covariate 


Category 


Set  2* 

Anthracene  Yes, 

Arsenic  Yes, 

Bensene  Yes, 

Benxidene  Yes, 

Chronates  Yes, 

Coal  Tar  Yes , 

Creosote  Yes, 

Aainodiphenyl  Yes, 

Chlorous thyl  Ether  Yes, 

Mustard  Gas  Yea, 

Naphthylanine  Yes, 

Cutting  Oils  Yea, 

Trichloroethylene  Yes, 

Ultraviolet  Light  (not  sun)  Yes, 
Vinyl  Chloride  Yes , 

Composite  Carcinogen  Exposure  Yes, 

in  s 


No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

if  yes  for  exposure  to  any  carcinogen 
st  2,  otherwise  no. 


‘Used  as  a  continuous  variable  in  adjusted  analysis. 

bA  -  English,  Welsh,  Scottish,  Irish. 

B  -  Scandinavian,  German,  Polish,  Russian,  other  Slavic,  Jewish,  French. 
C  -  Spanish,  Italian,  Greek. 

D  -  Mexican,  American  Indian,  Asian. 

Participant  with  one  green  eye  and  one  brown  eye  is  coded  as  green. 

^Questionnaire  data  (see  Appendix  B). 

*AFHS  Form  2  (see  Appendix  C). 
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Kecognizing  that  both  total  degree-years  and  average  lifetime  latitude  could 
be  covaria.es  for  malignant  sun  exposure-related  skin  neoplasms,  average 
latitude  was  selected  becau.s  of  the  high  correlation  of  degree-years  with 
chronological  age,  a  separate  risk  factor  already  used  in  the  analyses. 
Further,  average  residential  latitude  vas  believed  to  be  a  more  stable 
measure  in  the  presence  of  some  lack  of  precision  in  the  source  data.  In  all 
analyses,  the  average  residential  latitude  vas  used  as  a  dichotomous  variable 
(less  than  37*  N  latitude,  greater  than  or  equal  to  37°  N  latitude).  A  line 
across  the  United  States  at  37°  N  approximates  a  line  from  San  Francisco, 
California,  to  Richmond,  Virginia. 

Examination  of  the  group  distributions  of  the  latitude  variable  suggest 
that  it  is  a  significant  confounding  variable.  Specifically,  36.7  percent  of 
the  nonblack  Ranch  Bands  had  an  average  lifetime  residential  latitude  greater 
than  or  equal  to  37°  N  latitude  versus  49.4  percent  of  the  nonblack  Compar¬ 
isons  (p-0.001).  Although  the  average  lifetime  group  residential  latitudes 
.appear  similar  (37.21°  N  latitude  for  the  Ranch  Hands,  and  36.74°  N  latitude 
for  the  Comparisons),  this  difference  is  also  highly  significant  (p*;0.003)? 
reflecting  the  .antial  power  of  the  analysis  of  continuous  data. 

Participants  reported  their  susceptibility  to  the  effects  of  sun- 
exposure  damage  by  ansvering  three  questions  about  their  skin  reaction  to 
sun:  the  reaction  after  the  first  30  minutes  of  exposure  to  rjuwer  sun,  the 
reaction  after  2  or  more  hours  of  sun  exposure  after  the  first  30-minute 
exposure,  and  the  reaction  after  repeated  exposures  (see  questions  10-12  on 
page  71  of  the  questionnaire  provided  in  Appendix  B).  Since  these  three 
responses  are  highly  correlated,  a  composite  sun-reaction  variable  for  use  in 
the  adjusted  analysis,  called  the  sun-reaction  index,  vas  constructed  from 
the  last  two  questions  (2-ho»>r  and  repeated  exposure  reactions)  after 
examination  of  the  association  betveen  basal  cell  carcinoma  Incidence  and  the 
three  skin  reaction  variables.  The  sun-reaction  index  had  three  categories. 
The  first  category  corresponded  co  the  most  sensitive  reaction  on  the  last 
two  questions,  the  second  category  corresponded  to  the  next  less  sensitive 
reaction  on  these  two  questions,  and  the  third  category  comprised  the 
remaining  respenses. 

Detailed  cuestionnaiis  information  on  exposure  to  asbestou,  nonmedical 
x  ravs,  industrial  chemicals,  herbicides,  insecticides,  and  degreasing 
chc  lals  vas  obtained  from  each  participant.  Self- reported  information  on 
exposure  to  15  individual  carcinogens  vas  obtained' at  the  physical  examina¬ 
tion.  A  composite  carcinogen  exposure  variable  vas  constructed  from  these 
responses  on  individual  carcinogens:  A  participant  had  a  positive  score  for 
this  variable  if  he  reported  exposure  to  one  or  more  or  the  15  carcinogens, 
otherwise  he  had  a  nega, ive  score.  Selr-reported  information  on  asbestos  and 
radiation  exposure  vas  not  used  because  this  information  vas  obtained  in  more 
detail  from  the  questionnaire. 

The  nonhlack  Ranch  Hands  differed  significantly  from  the  uonblack 
Comparisons  in  their  exposure  (yes/no)  to  nonmedical  x  rays  (19,3?  versus 
25.6?,  p<0.«01).  They  also  differed  significantly  from  the  Comparisons  in 
their  exposure. to  herbicides  (94, 1?  versus  29.8?,  p<0.001)  and  insecticides 
(70.2?  versus  53.1?,  p<0.001),  possibly  reflecting  Vietnam  experience.  These 
variables  were  not  used  in  the  adjusted  analysis.  Further,  there  were 
significant  or  margins' ly  significant  group  differences  in  the  self-reported 
exposures  to  several  individual  carcinogens,  in  each  instance  relatively  more 
(nonblack)  Ranch  Hau^s  than  Comparisons  reported  exposure:  arsenic  (2.7? 
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versus  1.235,  p-0.016),  naphthylaaine  (3.35  versus  1.735,  p»0.024)f  cutting 
oils  (12.735  versus  8,735,  p*0.003),  benzene  (4.335  versus  2.735,  p-0.056),  and 
benzidine  (0.835  versus  0.335,  p-0>070).  Results  were  simpler  when  Blacks  were 
included  in  the  analysis. 


Covariate  Associations 

Table  10-6  gives  a  summary  of  the  chi-square  tests  of  association 
between  ell  covariates  and  the  incidence  of  basal  cell  carcinomas  and  sun 
exposure-related  malignancies.  Details  of  these  tests  of  association  are 
provided  in  Appendix  H,  Table  H-3. 

There  was  a  significant  increase  in  the  incidence  rate  of  verified  basal 
cell  carcinomas  with  increasing  age  (p-0.001).  There  vas  a  significant 
difference  in  the  incidence  rate  of  basal  cell  carcinomas  among  occupation 
groups,  vith  enlisted  groundcrev  ha/ing  a  lower  incidence  rate  (1.835)  than 
officers  (3.75)  and  enlisted  flyers  (3.135)  (p»0.047).  Since  officers  are,  on 
the  average,  5  years  older  th  .  enlisted  participants,  this  occupation  effect 
may  be  due  to  some  confounding  with  age.  There  vas  a  higher  incidence  rate 
for  average  lifetime  residential  latitude  less  than  37°  N  versus  greater  than 
or  equal  to  37°  N  latitude  (pnO.008).  Furthermore,  there  was  a  strong 
difference  for  different  levels  of  the  sun-reaction  index  (p<0.001),  and  the 
three  skin-reaction-to-sun  variables  (p<0.001  for  all).  Participants  who 
tended  to  burn  most  had  a  lover  rate  (1.435)  than  those  vith  a  milder  reaction 
(6.05),  and  a  similar  rate  to  those  who  tended  to  tan  (1.95)  (an  unexpected 
finding).  There  vas  a  significant  relationship  between  the  incidence  rate  of 
basal  cell  carcinoma  and  total  pack-years  of  lifetime  smoking  (p-0.023  for 
verifieds).  This  effect  may  also  be  due  to  confounding  vith  age  rather  than 
to  a  primary  smoking  effect  (see  Table  H-5  of  Appendix  H).  No  significant 
association  vas  found  between  the  incidence  rate  of  verified  basal  cell 
carcinoma  and  lifetime  drink-years. 

No  significant  associations  vere  found  vith  ethnic  group,  skin  color, 
eye  color,  and  hair  color.  However,  vhen  the  ethnic  group  categories  vere 
dichotomized  as  Celtic  or  English  versus  other  ethnic  groups,  the  association 
vas  marginally  significant  (p»0.093).  Skin  color  vas  dichotomized  as  dark 
peach  or  light  peach  versus  other  colors,  and  the  association  vas  significant 
(Est.  RR:  3.00,  955  C.I.:  [1.08,8.33],  p-0.024).  Hair  color  vas  dichotomized 
as  blond  or  red  versus  other  colors.  The  association  of  hair  color  vith 
basal  cell  carcinoma  incidence  vas  not  significant  (p-0.384).  Furthermore, 
no  significant  relationship  vas  found  betveen  basal  cell  carcinoma  incidence 
and  the  composite  carcinogen-exposure  variable  (p-0.523)  or  the  grouped  or 
individual  carcinogens. 

The  associations  betveen  the  covariates  and  the  incidence  of  verified 
plus  suspected  basal  cull  carcinomas  paralleled  those  for  the  verified  basal 
cell  carcinomas  only,  except  that  the  difference  in  rates  among  ethnic  groups 
vas  significant  (p-0.046),  hair  color  vas  significant  (p«0.040),  and  a 
marginally  significant  positive  relationship  vas  found  vith  nonmedical  x-ray 
exposure  (p=0.084)  and  herbicide  exposure  (p-0.072).  The  difference  among 
occupation  groups.,  however,  vas  more  significant  (p*0.003). 


TABLE  10-6 


Summary  of  Associations  Between  Incidence  Rates 
of  Basal  Cell  Carcinoma  and  Sun  Exposure-Related  Skin  Malignancies 
and  the  C-ovar ia tea,  in  the  Baseline-Followup  Interval 
for  Combined  Followup  Ranch  Hand  and  Coaparison  Monblack  Participants 


Covariate 


Basal  Cell  Carclnoaa 

- Verified  6 

Verified  Suspected 
p-Value  p-Valu* 


Sun  Bxposure-Related 
Skin  Malignancies 

-  Verified’  & 

Verified  Suspected 
p-Value  p-value 


Age 

0.001 

<0.001 

0.004 

<0.001 

Occupation 

0.047 

0.003 

NS* 

0.006 

Lifetime  Cigarette  Smoking 

0.023 

0.005 

0.012 

0.007 

Lifetime  Alcohol  Consumption 

NS 

NS 

NS 

NS 

Ethnic  Background 

NS 

0.046 

NS 

0.036 

Skin  Color 

NS** 

NS 

NS 

NS** 

Hair  Color 

NS 

0.040 

NS 

NS* 

Eye  Color 

NS 

NS 

NS 

NS 

Reaction  of  Skin  to  Sun 

Exposure : 

(Q.l)  After  first  30  minutes 

0.001 

<0.001 

<0.001 

<0.001 

of  summer  sun 

(Q.2)  After  >2  hours,  after 
first  exposure 

<0.001 

0.027 

0.001 

0.016 

(Q.3)  After  repeated  sun 

<0.001 

0.001 

<0.001 

<0.001 

exposures 

Sun-Reaction  Index  (Composite) 

<0.001 

<0.001 

<0.001 

<0.001 

Residential  History 
(Average  Latitude) 

0.008 

0.004 

0.011 

0.003 

Exposure  to  Carcinogens/Groups 
of  Carcinogens 

Set  1* 

Asbestos 

NS 

NS 

NS 

NS 

Non-medical  X  Rays 

NS 

NS* 

NS 

NS 

Industrial  Chemicals 

NS 

NS 

NS 

NS 

Herbicides 

NS 

NS* 

NS 

NS 

Insecticides 

NS 

NS 

NS 

NS 

Degreasing  Chemicals 

NS 

NS 

NS 

NS 
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TABU  10-6.  (continued) 


Sucaary  of  Associations  Between  Incidence  Rates 
of  Basal  Cell  Carcinoma  and  Sim  Exposure-Related  Skin  Malignancies 
and  the  Covariates,  in  th^  Baaelinc-Follovtip  Interval 
for  Combined  Follovup  Ranch  Band  and  Comparison  Nonblack  Participants 


Sun  Exposure-Related 

Basal  Cell  Carcinoma  Skin  Malignancies 
Verified  &  Verified  & 

Verified  Suspected  Verified  Suspected 
Covariate  p-Value  p-Value  p-Value  p-Value 


Set  2 

Anthracene 

Arsenic 

Benzene 

Benz l dene 

Chromates 

Coal  Tar 

Creosote 

Aminodiphenyl 

Chloromethyl  Ether 

Mustard  Gas 

Naphthylamine 

Cutting  Oils 

Tr i chloroe  t hy lene 

Ultraviolet  Light  (not  sun) 

Vinyl  Chloride 

Composite  Carcinogen  Exposure 


NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS  * 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NSs  Not  significant  (p<0.10). 

NS*:  Borderline  significant  (0.05<p<p.010). 

**Not  significant  vhen  five  categories  of  skin  color  examined;  hove ver,  when 
dichotomized,  p-0.024  for  verified  basal  cell  carcinoma  and  p»0.036  for 
verified  and  suspected  sun  exposure-related  skin  malignancies. 

‘Questionnaire  data. 

bAFHS  Form  2. 
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As  expected,  the  relationships  between  the  incidence  of  verified  sun 
exposure-related  skin  malignancies  and  the  covariates  vere  siailar  to  those 
just  described  for  basal  cell  carcinomas  (Table  10-6  and  Table  H-4  of 
Appendix  H).  For  verified  conditions,  there  was  a  strong  increase  in 
incidence  rate  vith  age  (p»0.004),  total  lifetime  smoking  (p»0.012),  average 
lifetime  residential  latitude  (p»0.011),  the  reaction-to-sun  exposure  vari¬ 
ables  (p<0.001  for  all),  and  the  sun-reaction  index  (p<0.001),  vith  similar 
strong  associations  for  the  verified  plus  suspected  conditions.  The 
difference  among  occupation  groups  vas  marginally  significant  (p-0.077)  for 
verified  conditions;  this  difference  vas  significant  (p-0.006)  for  verified 
plus  suspected  sun  exposure-related  skin  malignancies  (officers  5.9%, 
enlisted  flyers  4.2*,  enlisted  groundcrev  2.8%).  There  vas  no  association 
vith  the  composite  carcinogen-exposure  variable,  either  for  verified 
(p-0.879)  or  fo'r  verified  plus  suspected  conditions  (p»0.608). 

Table  10-6  shows  no  significant  association  betveen  the  incidence  rate 
of  verified  sun  exposure-related  skin  malignancies  and  ethnic  group,  hair 
color,  skin  color,  or  eye  color.  Vhen  suspected  conditions  vere  included, 
the  ethnic  group  association  vas  significant  (p-0.036),  and  the  association 
vith  hair  color  became  borderline  significant  (p-0.051).  There  vere  higher 
incidence  rates  among  those  of  Celtic  or  English  background  as  opposed  to 
other  ethnic  backgrounds,  and  among  participants  vith  blond  or  red  hair  as 
opposed  to  other  colors  (see  Table  H-4  of  Appendix  H).  As  in  the  analysis  of 
basal  cell  carcinomas,  the  ethnic  group,  hair  color,  and  skin  color 
categories  vere  collapsed,  resulting  in  (for  verified  conditions):  p-0.054 
for  those  of  Celtic  or  English  backgrounds  versus  other  ethnic  backgrounds 
(Est.  RR:  2.04,  95%  C.I.:  [1.00,4.17])  and  p-0.031  for  3kin  color  peach 
versus  not-peach  (Est.  RR:  2.61,  95%  C.I.:  [1.04.6.58]),  but  no  significant 
association  vith  hair  color  grouped  as  blond  or  red  versus  other  (p-0.268) 
vas  found. 


Adjusted  Analyses 

Because  of  the  obvious  interrelatedness  among  the  host  factors  of  hair 
color,  skin  color,  eye  color,  ethnic  background,  and  reaction  of  skin  to  sun, 
and  because  a  smaller  set  of  covariates  vas  required  for  the  adjusted 
analyses,  a  "main-effects"  statistical  model  of  basal  cell  carcinoma  vith  the 
folloving  covariates  vas  used:  age,  occupation,  total  pack-years,  lifetime 
drinking,  ethnic  background  (dichotomized),  hair  color  (blond  or  red  versus 
other),  eye  color,  skin  color  (peach  tones  versus  other),  the  three 
skin -reaction-to-sun  variables,  average  lifetime  residential  latitude  (less 
than  37"  N  versus  greater  than  or  equal  to  37"  N),  and  the  composite 
carcinogen  exposure  variable.  The  results  of  this  analysis  are  given  in 
Appendix  H,  Table  H-5.  The  results  shoved  that  ethnic  background,  hair 
color,  and  the  30-mlnute  skin-reaction-to-sun  variable,  while  individually 
associated  vith  basal  cell  carcinoma  incidence,  are  relatively  less  important 
than  the  other  host  factors,  namely  skin  color,  and  the  ?-hour  and  repeated- 
exposure  skin-reaction-to-sun  variables,  and  vere  thus  not  included  in  the 
adjusted  analyses.  Total  drink-years  and  the  composite  carcinogen  exposure 
variable  vere  not  significant  and  thus  vere  not  used  in  the  adjusted 
analyses.  A  parallel  analysis  vas  conducted  in  vhich  the  composite  sun- 
reaction  index  replaced  all  three  skin-reaction-to-sun  variables,  and  it  vas 
found  that  this  substitution  could  be  made  vithout  altering  the  relative 
contributions  of  the  other  covariates.  For  further  reduction  of  the  number 
of  covariates,  pack-years  of  smoking,  although  of  interest  (p-0.096),  vas 
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also  omitted.  Thus,  a  reduced  sat  of  covariatas  for  further  analysis  of  the 
group  contrasts  vas  identified  as  age,  occupation,  skin  color,  average 
lifetime  residential  latitude,  and  the  sun-reaction  index. 

The  results  of  adjusted  analyses  of  group  contrasts  in  the  incidence 
rate  of  basal  cell  carcinoaa  and  sun  exposure-related  skin  ealignancies  are 
presented  in  Table  10-7.  Parallel  results  for  Ranch  Bands  contrasted  vith 
the  Original  Comparisons  are  given  in  Appendix  H,  Table  H-6.  A  significant 
group-by-occupation  interaction  vas  found  for  verified  interval  basal  cell 
carcinoea  (p -0.044) .  Significant  covariates  vere  age  (p-0.003),  average 
residential  latitude  (p-0.003)  and  the  sun-reaction  index  (p<0.001).  The 
interaction  vas  due  to  a  significant  difference  in  rates  for  enlisted  flyers 
but  not  for  officers  or  enlisted  groundcrev:  Ranch  Hand  enlisted  flyers  had 
a  significantly  (p«0.019)  greater  incidence  rate  of  basal  cell  carcinonas 
than  the  corresponding  Comparisons,  5.4  percent  versus  1.0  percent  (Adj. 

RR:  6.50,  95%  C.I.:  [1.36,31.01])  (see  Appendix  B,  Table  H-7). 

There  vas  a  significant  group-by-sun-reaction  index  interaction  in  the 
analysis  of  verified  plus  suspected  basal  cell  carcinomas  (p-0.024);  this  vas 
in  part  attributable  to  the  absence  of  Ranch  Hands  vho  reported  burning 
easily.  The  group  frequencies  for  the  three  levels  of  this  variable  (burn 
easily,  intermediate  reaction,  tan  easily)  vere:  Ranch  Hands  0  (OX),  17 
(8.9X),  and  19  (2.7X),  respectively,  and  Comparisons  4  (5.2X),  15  (5.7X),  and 
28  (3.2X),  respectively.  The  incidence  rate  for  Ranch  Hands  vho  had  a 
moderate  reaction  to  sun  vas  (nonsignificantly)  greater  than  that  of  the 
Comparisons.  The  details  of  this  interaction  are  given  in  Appendix  H, 

Table  H-7.  A  skin  color-by-age  interaction  (p-0.044)  and  average  latitude 
(p-0.003)  made  significant  contributions  to  the  model. 

Results  of  the  analyses  for  Original  Comparisons  vere  nonsignificant  for 
verified  conditions,  although  a  marginally  significant  group-by-sun  reaction 
interaction  vas  found  (p=0.Q51).  The  results  for  verified  plus  suspected 
conditions  revealed  a  significant  group-by-sun  reaction  index  interaction 
(p-0.007)  (see  Table  H-6  of  Appendix  H).  Ranch  Hands  vho  had  a  moderate  skin 
reaction  to  sun  revealed  a  significantly  greater  incidence  rate  of  verified 
basal  cell  neoplasms  than  corresponding  Original  Comparisons  (Adj.  RR:  2.81, 
95X  C.I.:  [1.05,7.55],  p-0.040)  (Table  H-8).  This  finding  vas  marginally 
significant  vith  the  inclusion  of  suspected  carcinomas  (Adj.  RR:  2.38,  95X 
C.I.:  [0.98,5.76],  p-0.055). 

The  adjusted  relative  risk  for  the  incidence  rate  of  verified  sun 
exposure-related  skin  malignancies  vas  1.37  (95X  C.I.:  [0.83,2.28])  and  vas 
not  significant  (p-0.221)  (Table  10-7).  Age  (p<0.001),  the  sun-reaction 
index  (p<0.001),  and  average  lifetime  residential  latitude  (p-0.008)  con¬ 
tributed  to  the  adjustment.  No  group  difference  vas  apparent  vhen  suspected 
malignancies  vere  included.  The  adjusted  relative  risk  vas  1.05  (95X  C.I.: 
[0.68,1.62],  p*0.825),  and  the  significant  covariates  vere  a  skin  color-by¬ 
sun-reaction  index  interaction  (p-0.028),  a  skin  color-by-age  interaction 
(p-0.028),  and  a  skin  color-by- residential  latitude  interaction  (p-0.041). 
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TABLE  10-7. 

Adjusted  Analyses  of  Nonblack  Followup  Participants  for  Malignant 
Skin  Neoplasa  Incidence  During  the  Baseline-Pellovup  Interval 


Variable 

Status 

Adj.  Relative 
Risk  (95S  C.I.) 

p-Valte 

! 

Covariate  Renarks*  j 

Basal  Cell 
Carcinoma 

Verified 

kkkk 

kkkk 

AGE  (p-0.003)  j 

LAT  (p-0.003) 

SUNREAC  (p<0.001)  j 

GRP*0CC  (p-0.044)  | 

Verified  & 
Suspected 

•kirk  it 

kkk<k 

LAT  (p-0.003) 

GRP* SUNREAC  ( p-0 . 024 )  1 

SKIN* AGE  (p-0.044) 

Sun-Exposure 

Malignant 

Skin  Neoplasms 

Verified 

1.37  (0.83,2.28) 

0.221 

AGE  (p<0.001) 

SUNREAC  (p<0.001) 

LAT  (p-0.008)  | 

« 

Verified  & 
Suspected 

1.05  (0.68,1.62) 

0.825 

SKIN* SUNREAC  (p-0.028) 

SKIN* AGE  (p-0.028)  ; 

SKIN* LAT  (p-0.041) 

* Abbreviations: 

LAT:  average  lifetime  residential  latitude 

SUNREAC:  sun  reaction  index 

GRP:  group 

OCC:  occupation 

SKIN:  skin  color 

****Group-by-covariate  interaction — adjusted  relative  risk,  confidence  interval, 
and  p- value  not  presented. 
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Analysis  of  the  Ranch  Hands  versus  Original  Comparisons  contrasts  found 
e  significant  group-by-skin  color  interaction  for  verified  sun  exposure- 
related  naliguancies  (p-0.036),  and  a  significant  group-by-sun  reaction  index 
interaction  (p^C.030),  similar  to  that  found  for  basal  cell  carcinoma,  foT 
the  verified  plus  suspected  malignant  neoplasms  (see  Appendix  H,  Tables  H-6 
and  Q-b,  for  details).  The  group-by-ski  color  interaction  vas  due  to  a 
lover  incidence  rate  for  nonpeach  Ranch  Hands  than  Original  Comparisons  (Adj. 
RR:  0.20,  95X  C.I.t  10.02,1.80],  p-0.150),  but  a  higher  incidence  rate  for 
peach  toned  Ranch  Hands  than  Original  Comparisons  (Adj.  PR:  1.70,  95X  C.I.i 
[0.95,3.04],  p~0.0?3).  The  group-by-sun  reaction  index  interaction  (verified 
and  suspected)  vas  again  due  to  Ranch  hands  vho  react  moderately  to  the  sun 
having  a  higher  incidence  rate  than  similar  Original  Comparisons  (Adj.  RR: 

7.. 74,  95X  C.I. :  [1.14,6.63],  p-0.025). 


Interval  Systemic  Neoplasm 

As  showi  in  Table  10-1,  eight  Ranch  Hands  (0.8X)  and  seven  Comparisons 
(0.5X)  had  verified  malignant  systemic  neoplasms  in  the  interval  betveen  the 
Bcseline  and  followup  examinations.  Vhen  suspected  malignant  systemic  neo¬ 
plasms  vere  included,  the  numbers  vere  12  Ranch  Hands  (1.2X)  and  12  Compar¬ 
isons  (0.9X).  The  proportions  of  malignancies  among  the  systemic  neoplasms 
of  all  types  (malignant,  benign,  uncertain)  vere  similar  in  the  tvo  groups: 
14.5  percent  (8/55)  for  Ranch  Hands  and  11.5  percent  (7/61)  for  Comparisons 
(p-0.783) .  Inclusion  of  suspected  conditions  did  not  change  the  conclusion 
from  this  contrast:  18.5  percent  (12/65)  Ranch  Hands  versus  15.0  percent 
(12/80)  Comparisons  (p«0.656). 

For  the  remainder  of  this  section,  only  maiignant  (verified  and 
suspected)  systemic  neoplasms  occurring  in  the  Baseline  to  follovup  interval 
are  analysed.  These  occurrences  were  distinct  from  those  reported  at  Base¬ 
line.  Ho  nev  metastatic  systemic  neoplasms  vere  reported  in  the  interval. 


Interval  Kdignant  Systemic  Neoplasms 

Table  10-8  shovs  the  sites  of  the  nev  malignant  neoplasms  reported  by 
the  eight  Ranch  Hands  and  seven  Comparisons.  Classification  of  malignancies 
vas  based  on  ICD-9  with  specie1,  coding  for  tumor  type  as  veil  as  site,  thus 
avoiding  problems  of  underreporting  of  STS.  Six  Ranch  Hands  and  five  Com¬ 
parisons  had  suspected  systemic  neoplasms  in  this  interval  (Table  10-9), 
making  a  total  of  12  in  each  group,  since  2  Ranch  Hands  vith  verified 
systemic  neoplasms  also  had  suspected  systemic  neoplasms.  The  frequencies 
vere  too  small  for  indepth  analysis  of  individual  sites.  Table  10-8  shovs 
that  tvo  Ranch  Bands  had  malignant  neoplasms  of  the  oral  cavity  and  pharynx 
versus  no  Comparisons,  and  three  Comparisons  but  no  Ranch  Hands  had  malignant 
neoplasms  of  the  colon.  For  all  digestive  system  malignancies  (esophagus 
plus  colon),  there  vere  four  occurrences  among  Comparisons  but  none  among 
Ranch  Hands.  The  analyses  that  follow  are  based  on  the  combination  of  all 
interval  malignant  systemic  neoplasms  regardless  of  specific  site,  both 
verified  and  verified  plus  suspected. 

Table  H-9  of  Appendix  H  lists  the  malignancy  sites  for  the  eight  Ranch 
Hands  and  the  six  Original  Comparisons  in  the  Baseline- follovup  interval. 
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TABLE  10-8. 


Suamury  of  Followup  Participants  with  Verified  Malignant 
Systemic  Neopla.Hu  in  Baseline-Followup  Interval  by  Group 


Group 


Site 

^  —  ■  r  - 

Ranch  Hand 

Comparison 

Total 

Oral  Cavity  and  Pharynx 

2* ,b 

0 

2 

Thyroid  Gland 

0 

1 

1 

Esophagus 

0 

lc 

1 

Bronchus  and  Lung 

1 

0 

1 

Colon 

0 

3d'* 

3 

Kidney  and  Bladder 

2 

1 

3 

Prostate 

1 

1 

2 

Testicles 

1 

0 

1 

Connective  and  Other 

Soft  Tissue 

1 

0 

1 

“ 

Total 

8 

7 

15 

'includes  one  Ranch  Hand  vith  separate  malignancies  of  tongue  and  epiglottis 
and  also  malignant  neoplasa  of  bone. 

bIndudes  one  Ranch  Hand  vith  separate  malignant  neoplasms  of  tongue  and 
oropharynx  and  secondary  malignant  neoplasm  of  other  site. 


malignant  neoplasms  of  liver  and  bone 


malignant  neoplasm  of  liver. 


cAlso  has  malignant  neoplasm  of  bone. 

d Includes  one  Comparison  vi th  secondary 
and  bone  marrow. 

'includes  one  Comparison  with  secondary 
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TABU  10-9. 


SuMiry  of  Follovup  Participants  vith  Suspected  Malignant 
Syatwic  Neoplasms  at  Physical  Examination  by  Group 


Group 


Site 

Ranch  Hand 

Comparison 

Total 

Bronchus  and  Lung 

4* ,b 

2 

6 

Rectum 

0 

1 

1 

Liver 

le 

0 

1 

Prostate 

0 

1 

1 

Lymphatic  and 
Hematopoietic  Tissue 

l4 

0 

1 

Unspecified  Site 

0 

1 

1 

Total 

6 

5 

11 

“Includes  one  Ranch  Hand  vith  a  suspected  naglignant  neoplasm  of  either  lung, 
mediastinum,  esophagus,  or  ill-defined  site  within  digestive  organs  and 
peritoneum. 

b Includes  one  Ranch  Hand  vith  a  suspected  secondary  malignant  neoplasm  of 
lung. 

cNot  specified  as  primary  or  secondary. 

d Suspected. as  either  Hodgkins  disease,  leukt ■si  a,  or  lymphoma. 
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There  is  nc  parallel  table  for  suspected  malignant  systenic  neoplasms  since 
the  five  Comparisons  vith  suspected  c  editions  in  Table  10-9  are  Original 
Comparisons. 


Unadjusted  Analyses 

As  shown  in  Table  10-10,  the  unadjusted  group  contrast  tor  all  verified 
malignant  systemic  neoplasms  vas  not  significant  (p»0.6C3),  vith  an  estimated 
relative  risk  of  1.46  (95X  C.I.t  [0.53,4.03]).  When  suspected  malignant 
neoplasms  were  included  vith  the  verified  malignancies,  the  estimated 
relative  risk  vas  1.28  (95X  C.I.t  [0.57,2.85]),  and  vas  also  not  significant 
'p-0.680).  A  parallel  unadjusted  analysis  for  Ranch  Hands  versus  Original 
Comparisons  gave  similar  nonsignificant  results  (Appendix  Table  H-10). 


Covariates 

The  covariates  considered  for  the  adjusted  analysis  of  all  interval 
salignant  systeelc  neoplasms  combined  vere  age,  race,  occupation,  smoking  and 
drinking  history,  exposure  to  the  groups  of  carcinogens,  exposure  to  the 
individual  carcinogens,  and  the  composite  carcinogen  exposure  variable  as 
listed  in  Table  J0-5.  The  categories  used  for  age,  peck-years,  and  drink- 
years  vere  the  same.  Age  vas  used  as  a  continuous  variable  in  the  adjusted 
analyses  but  vas  categorized  for  ease  of  presentation  in  the  report.  No 
Blacks  had  verified  systemic  neoplasms,  but  in  contrast  to  the  skin  cancer 
analysis,  Blacks  vere  retained  in  the  analysis. 


Covariate  Associations 

Table  10-11  summarizes  the  results  of  chi-square  .ests  of  association 
betveen  the  incidence  rate  of  all  malignant  systenic  neoplasms  combined  and 
the  covariates  considered  for  use  in  the  adjusted  analyses.  Details  of  the 
covariate  relationships  are  given  in  Appendix  B,  Table  H-ll. 

There  vas  a  significant  increase  in  the  incidence  rate  of  all  verified 
interval  malignant  systemic  neoplasms  vith  increasing  age  (p<0.001)  and  a 
marginally  significant  difference  among  occupations  (p-0.056).  The  incidence 
rates  for  officers,  enlisted  flyers,  and  enlisted  groundcrev  vere  1.2  per¬ 
cent,  0.5  percent,  and  0.3  percent,  respectively.  There  vas  a  marginally 
significant  association  vith  total  lifetime  alcohol  consumption  (p-0.082). 

The  test  for  differences  in  incidence  rates  among  pack-year  levels  of  smoking 
vas  not  significant  (p>0.220),  although  an  increasing  trend  vas  apparent. 

Some  of  the  occupation  effect  may  be  attributable  to  confounding  vith  age. 

There  vas  a  significant  negative  association  vith  insecticide  exposure 
for  verified  malignant  systemic  neoplasms  (p»0.014).  Table  H-ll  of  Appendix 
H  shovs  that  there  vere  a  fev  significant  or  marginally  significant  positive 
associations  vith  individual  carcinogens:  e.g.,  vith  naphthylamine 
(p«0.050),  benzidine  (p-0.088),  and  coal  tar  (p-0.079).  Hovever,  in  many 
instances  the  self-reported  exposure  frequencies  vere  very  small. 


nu  10-10. 


Uoadjuetad  tuOyam  of  Mllowp  tetidtnta  vith  taifiri  and 
Suspected  Haiigit  tystodc  Neoplaaam  in  the  BaaaUaa  feLtowp  IntermL  by  Group 


Status 

Statistic 

Group 

fcnch  Band  Cbaparlson 

Gst.  Relative 
Risk  (95*  C.I.) 

p-Value 

Verified 

Nksfaer  of 

8  0.8* 

7  0.5* 

1.46  (0.53,4.03) 

0.603 

Partlc.'  pants/X 
Total  Neoplasms 

12 

10 

Verified  &  Suspected 

Number  of 

12  1.2* 

12  0.9* 

1.28  (0.57,2.85) 

0.680 

Participants/* 
Total  Neoplasms 

23 

16 
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TABLE  10-11 


SwHtry  of  Associations  Between  Incidence  Bates  of  All  Malignant 
Systemic  Neoplasms  Combined  and  the  Co variates  in  the 
Baseline-Followup  Interval  for  Coabined  Fcliovup 
Bench  Hand  and  Comparison  Groups 


Covariate 


Verified  Verified  &  Suspected 

p-Value  p-Value 


Age 

<0.001 

0.001 

Race 

NS 

NS 

Occupation 

NS* 

NS 

Lifetime  Cigarette  Sacking 

NS 

NS 

Lifetime  Alcohol  Consunption 

NS* 

NS 

Exposure  to  Carcinogens/Groups 

of  Carcinogens: 

* 

Set  1“ 

Asbestos 

NS 

NS 

Non -medical  X  Rays 

NS 

0.049 

Industrial  Chemicals 

NS 

NS 

Herbicides 

NS 

NS 

Insecticides 

0.014 

NS* 

Degreasing  Chemicals 

Set  2* 

NS 

NS 

Anthracene 

NS 

NS 

Arsenic 

NS 

NS* 

Benzene 

NS 

NS 

Benzidene 

NS* 

NS 

Chromates 

NS 

NS 

Coal  Tar 

NS* 

NS 

Creosote 

NS 

NS 

Aai  nodi phenyl 

NS 

NS* 

Chlorcnethyl  Ether 

NS 

0.023 

Mustard  Gas 

NS 

NS* 

Naphthylamlne 

0.050 

0.019 

Cutting  Oils 

NS 

NS 

Trichloroethylene 

NS 

NS 

Ultraviolet  Light  (not  sun) 

NS 

NS 

Vinyl  Chloride 

NS 

NS 

Composite  Carcinogen  Exposure 

NS 

NS 

NS*s  Borderline  significant  (0.05<p<0.10). 
NS:  Not  significant  (p>0.10) 

‘Questionnaire  data. 
bAFHS  Fora  2. 


10-29 


The  covariate  associations  for  verified  plus  suspected  malignant 
systemic  neoplasms  vere  similar  to  those  for  verified  only.  The  association 
vith  occupation  vas  no  longer  significant  (p-0.193),  and  there  was  a  signif¬ 
icant  positive  association  vith  nonmedical  x-ray  exposure  (p»Q.049).  There 
vere  some  significant  and  marginally  significant  positive  associations  vith 
individual  carcinogens:  vith  naphthylamine  (p-0.019),  chloromethyl  ether 
(p»0.023),  arsenic  (p-0.069),  mustard  gas  (p-0.090),  and  aminodiphenyl 
(p-0.061)  (see  Appendix  B,  Table  B-ll). 

The  covariates  used  for  the  adjusted  group  contrast  of  the  incidence 
rate  of  all  malignant  systemic  neoplasms  vere  race,  age  (continuous), 
occupation,  and  pack-years. 


Adjusted  Analyses 

The  adjusted  relative  risks  for  all  verified  and  verified  plus  suspected 
malignant  systemic  neoplasms  are  presented  in  Table  10-12.  For  verified 
malignant  systemic  neoplasms,  there  vas  no  significant  difference  betveen 
groups  (Adj.  RR:  1.51,  95%  C.I.t  [0.54,4.22],  p-0.434).  Age  made  a  signif¬ 
icant  contribution  to  the  adjustment  (p<0.001).  Parallel  results  for  Ranch 
Bands  contrasted  vith  Original  Comparisons  are  given  in  Table  B-12  of 
Appendix  H. 

A  significant  group-by-occupation  interaction  vas  found  in  the  adjusted 
analysis  of  verified  plus  suspected  malignant  systemic  neoplasms  (p-0.027). 
This  vas  due  to  significantly  more  cases  of  malignant  systemic  neoplasms 
among  Ranch  Hand  enlisted  flyers  than  among  corresponding  Comparisons  (4/175 
[2  verified,  2  suspected]  versus  0/209,  Fisher's  exact  test>0.042),  vhereas 
the  incidence  rate  for  officers  vas  lover  (but  not  significantly)  for  Ranch 
Bands  than  for  the  corresponding  Comparisons,  and  equivalent  for  the  enlisted 
groundcrev  (see  Table  H-13  of  Appendix  H).  Age  (p<0.001)  and  a  race-by-pack- 
year  interaction  (p-0.035)  made  significant  contributions  to  the  adjustment* 
Comparable  results  vere  found  for  the  contrast  of  Ranch  Hands  vith  the 
Original  Comparisons  (see  Tables  H-12  and  H-14  of  Appendix  H). 


Lifetime  (Baseline  and  Interval) 

Data  from  the  Baseline  and  follovup  examinations  vere  merged  to  obtain 
records  of  the  lifetime  history  of  neoplasm  incidence  for  those  follovup 
participants  vho  participated  at  Baseline.  Nev  participants  provided  life¬ 
time  information  at  the  follovup  examination.  Neoplasms  prior  to  service  in 
Southeast  Asia  vere  excluded  from  all  analyses.  All  data  from  the  Baseline 
study  have  been  verified,  but  as  described  in  the  previous  section,  the 
status  of  some  suspected  interval  neoplarms  remains  unclear,  and  thus  both 
verified  and  verified  plus  suspected  neoplasms  are  described  and  analyzed  in 
this  section. 

Table  10-13  shovs  that  21.3  percent  (216/?, 016)  of  Ranch  Hands  and 
16.2  percent  (209/1,293)  of  Comparisons  had  skin  or  systemic  neoplasms  of 
some  type  (malignant,  benign,  and  uncertain).  The  group  difference  in 
incidence  rates  vas  significant  (p-0.002),  vith  an  estimated  relative  risk  of 
1.40  (95%  C.I.:  [1.13,1.73]).  When  suspected  neoplasms  vere  included,  the 
contrast  vas  less  marked  (22. 7%  [231]  of  Ranch  Hands  versus  19. 3%  [249]  of 
Comparisons)  but  still  statistically  significant  (p«0.044),  vitn  an  estimated 
relative  risk  of  1.23  (95%  C.I.:  [1.01,1.51]). 
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TABUS  10-12 


Adjusted  Analyses  of  Followup  Participants  for  the 
Incidence  of  All  Malignant  Systeaic  Neoplasas  During  the 
Baseline- Followup  Interval 


Variable 

Adj.  Relative 
Risk  (952  C.I.) 

p- Value 

Covariate  Remarks 

Malignant  Systeaic 

1.51  (0.54,4.22) 

0.434 

AG2  (p<0.001) 

Neoplasas 

(Verified) 

Malignant  Systeaic 

**** 

GRP*0CC  (p.0.027) 

Neoplasas 

AGE  (p<0.001) 

(Verified  &  Suspected) 

RACE* PACKER  (p-0.035) 

****Group-by-covariate  interaction — adjusted  relative  risk,  confidence 
interval,  and  p-^alue  not  presented. 
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THU  10-13. 


UaarifrjBted  dialysed  of  Followup  Ftarticipnta  with  Lifetime 
Ucozzence  of  Verified  and  Simper  ted  Nenplmmm  by  Group 
(Honfclacfcs  nd  Blades) 


_ Group* _ 

wnen  «na  Lowpansor 

Neoplasm  Behavior 

Site  and  Status  Nmber**  Percent  Mater**  tercent  Total**  p-Vaiue*** 


9dn 

Malignant 

Verified 

66 

6.5 

66 

5.1 

132 

0.175 

Verified  and  Suspected 
Benign 

75 

7.4 

85 

6.6 

160 

0.458 

Verified 

84 

8.3 

79 

6.1 

163 

0.049 

Verified  and  Suspected 

86 

8.5 

85 

6.6 

171 

0.093 

Uncertain  Behavior 
and  Unspecified 

Nature: 

Verified 

* 

X 

0.1 

1 

0.1 

2 

0.999 

Verified  and  Suspected 
Ary  Sdn  Neoplasm* 

1 

0.1 

1 

0.1 

2 

0.999 

Verified 

150 

14.8 

140 

10.8 

290 

0.005 

Verified  and  Suspected  159 

15.7 

165 

12.8 

324 

0.053 

Systeadc 

Malignant 

Verified 

17 

1.7 

17 

1.3 

34 

0.491 

Verified  and  Suspected 
Benign 

21 

2.1 

22 

1.7 

43 

0.538 

Verified 

51 

5.0 

64 

5.0 

115 

0.999 

Verified  and  Suspected 

57 

5.6 

75 

5.8 

132 

0.857 

Uncertain  BeJevior 
and  Unspecified 

Nature: 

Verified 

15 

1.5 

14 

1.1 

29 

0.453 

Verified  and  Suspected 
Ary  Systemic  Neoplasm* 

15 

1.5 

18 

1.4 

33 

0.862 

Verified 

81 

8.0 

87 

6.7 

168 

0.259 

Verified  and  Suspected 

91 

9.0 

106 

8.7 

197 

0.548 

All 

Malignant,  Benign, 
Uncertain  Behavior, 
ihspecified  Nature' 

Verified 

216 

21.3 

209 

16.2 

425 

0.002 

Verified  and  Suspected  231 

22.7 

249 

19.3 

480 

0.044 

*Saeple  sizes:  1,016  Ranch  Bands,  1,293  Ccapariscns. 

**Number  of  participants. 

***Fisher's  exact  test. 

‘Participant  has  one  or  more  malignant,  benign,  or  unspecified  si. in  neoplasm. 
Participant  has  one  or  more  malignant,  benign,  or  unspecified  systemic 
neoplasn. 

'Participant  has  one  cr  more  malignant  or  benign  skin  or  systeodc  neoplasm. 
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Tabic  H-15  of  Appandlx  H  is  parallel  to  Table  10-13  for  Ranch  Hands  and 
Original  Comparisons  only. 


Lifetime  Skin  Neoplasms 

As  seen  in  Table  10-13,  69.4  percent  (150/216)  of  Ranch  Hands  vith 
neoplasms  had  skin  cancer;  the  corresponding  percentage  for  Coaparisons  vas 
67.0  percent  (140/209).  The  group  difference  in  these  proportions  vas  not 
significant  (p-0.604).  This  contrast,  vhen  suspected  neoplasms  were 
included,  vas  68.8  percent  (159/231)  versus  66.3  percent  (165/249),  vhich 
again  vas  not  significant  (p-0.560). 

The  overall  percentage  of  Black  and  nonblack  Ranch  Hands  vith  verified 
lifetime  skin  neoplasms  of  any  type  vas  14.8  percent  (150/1,016),  versus 
10.8  percent  (140/1,293)  for  Coaparisons.  No  Black  follovup  participants  had 
ever  had  skin  neoplasms,  nor  did  any  Baseline  Black  participants.  -The  over¬ 
all  percentage  of  nonblack  Ranch  Hands  vith  skin  neoplasms  of  any  type  vas 
15.7  percent  (150/956)  and  vas  significantly  (p-0.006)  greater  than  that  of 
the  Comparisons  vith  11.6  percent  (140/1,210).  The  estimated  relative  risk 
vas  1.42  95X  C.I.t  [1  .11,1.82]).  Vhen  both  verified  and  suspected  neoplasms 
vere  in  the  analysis,  the  contrast  vas  marginally  significant  (p-0.060) : 

Ranch  Hcnds  16.6  percent  (159/956)  versus  Coaparisons  vith  13.6  percent 
(165/1,210)  (Estimated  RRt  1.26,  95X  C.I.:  [1.00,1.60]). 

’or  the  remainder  of  this  subsection,  only  malignant  skin  neoplasms  are 
examined.  Furthermore,  the  analysis  vas  restricted  to  nonblacks. 

The  dependent  variables  examined  vere  the  same  as  those  of  the  previous 
section  (basal  cell  carcinoma,  aelanov  a,  squamous  cell  carcinoma,  all  malig¬ 
nant  skin  neoplasms  combined  and  svu  exposure-related  skin  malignancies). 


Lifetime  Malignant  Skin  Neoplasms 

Table  10-14  prestnts  the  unadjusted  analyses  of  the  frequencies  of 
nonblack  participants  in  each  group  vith  lifetime  occurrences  of  basal  cell 
carcinoma,  squamous  cell  carcinoma,  melanoma,  all  malignant  skin  neoplasms, 
and  the  sun  exposure-related  skin  malignancies.  For  completeness,  the  total 
number  of  malignancies  of  each  type  is  also  given.  Table  H-16  of  Appendix  H 
presents  parallel  analyses  for  Ranch  Hands  and  Original  Comparisons. 


Unadjusted  Analyses 

There  vas  a  higher  relative  frequency  (5.5X)  of  Ranch  Hands  vho  had 
basal  cell  carcinomas  than  of  Comparisons  (4. IX),  but  the  difference  vas  not 
significant  (p-0.128).  The  estimated  relative  risk  vas  1.36  (95X  C.I.j 
[0.92,2.02]).  Vith  the  inclusion  of  suspected  basal  cell  carcinoma,  the 
estimated  relative  risk  vas  also  not  significant  (p  -0.579). 

Of  the  53  Ranch  Hands  vith  verified  basal  cell  carcinomas,  17  (32. IX) 
had  2  or  sore  occurrences.  The  corresponding  number  for  the  Coaparisons  vas 
14/50  (28. OX).  The  group  contrast  of  the  percentages  vith  multiple  basal 
cell  carcinomas  versus  no  basal  cell  carcinomas  vas  not  significant  (17/920 
versus  14/1,174,  p«0.274),  nor.  vas  the  corresponding  contrast  vhen  suspected 
basal  cell  carcinomas  vere  included  (39/916  versus  16/1,159,  p-0.234). 
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The  frequencies  of  participants  who  had  squamous  cell  carcinoma  vere 
very  small:  4  Ranch  Bands  (0.4%)  and  6  Comparisons  (0.5%).  The  estimated 
relative  risk  vas  0.84  (95%  C.I:  (0.24,3.00]),  and  the  contrast  vas  far  from 
significant  (p-0.999).  Inclusion  of  suspected  squaaous  cell  carcinoma  did 
not  change  this  finding. 

The  frequency  of  Ranch  Hands  vho  had  melanoma,  5  (0.5%),  vas  slightly 
greater  than  that  of  the  Comparisons;  5  (0.4%),  but  the  contrast  vas  not 
significant  (p-0.757);  the  estimated  relative  risk  vas  1.27  (95%  C.I.: 
[0.37,4.39]).  Inclusion  of  suspected  melanoma  inverted  the  relative  risk  to 
0.79,  vhich  vas  again  not  significant.  This  analysis  had  little  pover  due  to 
small  frequencies. 

For  sun  exposure-related  skin  malignancies,  there  vas  a  higher  percent¬ 
age  of  Ranch  Hands  than  Comparisons  (6.2%  versus  4.6%),  but  the  contrast  vas 
only  of  borderline  significance  (p-0.100);  the  estimated  relative  risk  vas 
1.38  (95%  C.I.:  [0.95,2.02]).  When  suspected  sun  exposure-related  skin 
malignancies  vere  included,  the  group  difference  vas  not  significant 
(p»0.537),  vith  estimated  relative  risk  1.12  (95%  C.I.:  [0.79,1.58]). 

As  in  the  previous  section,  adjusted  analyses  vere  only  carried  out  for 
basal  cell  carcinoma  and  the  sun  exposure-related  skin  malignancies. 


Covariates 

The  same  covariates  as  for  the  interval  analysis  (Table  10-5)  vere 
considered  for  the  adjusted  analysis  of  the  lifetime  incidence  rates  of  basal 
cell  carcinoma  and  sun  exposure-related  skin  malignancies:  age,  occupation, 
history  of  cigarette  smoking  and  alcohol  consumption,  the  same  host  factors 
and  average  latitude,  and  exposure  to  the  same  recognized  carcinogens.  The 
covariates  used  for  the  adjusted  analyses  vere  the  same  as  in  the  interval 
analysis,  namely  age,  occupation,  sun  reaction  index,  average  lifetime 
residential  latitude,  and  skin  color. 


Co variate  Associations 

Table  10-15  presents  £  tails  of  the  associations  betveen  the  incidence 
rate  of  basal  cell  carcinoma  and  the  folloving  covariates:  age;  occupation; 
pack-years  of  smoking,  lifetime  drink-years;  ethnic  background,  hair  color, 
skin  color,  eye  color;  skin-reaction-to-sun  variables,  sun-reaction  index; 
average  residential  latitude,  and  exposure  to  individual  carcinogens  and 
groups  of  carcinogens. 

For  the  incidence  of  verified  basal  cell  carcinoma,  the  same  asso¬ 
ciations  vere  found  as  in  the  interval  analysis,  namely,  an  increasing 
incidence  rate  vith  increasing  age  (p<0.001),  o.  significant  difference  among 
occupations  (p-0.017;  officers  6.4%,  enlisted  flyers  4.2%,  enlisted  ground- 
crev  3.6%),  and  significant  associations  vith  average  lifetime  residential 
latitude  (p-0.026),  all  the  skin-rreaction-rto-sun  variables  (p<0.001  for  all), 
the  sun-reaction  index  (p<0.001),  and  increasing  total  pack-years  (p-0.024). 
There  vas  evidence  of  a  higher  incidence  rate  of  basal  cell  carcinomas  among 
the  heavy  drinkers,  although  the  test  for  the  difference  among  drinking 
categories  vas  not  significant. 
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Association  Between  Lifetime  Incidence  of  Basal  Cell  Carcinoma  and  the  Covaria.es 
for  Combined  Follovup  Stanch  Hand  and  Comparison  Nonblack  Participants 
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TABU  10-15.  (contiMMd) 
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Skin  Reaction  Freckles,  Mo  Tan  45  4  8.9  <0.001  5  11.1  <0.001 

After  Repeated  Tans  Mildly  314  31  9.9  36  11.5 

Exposure  to  Sun  Tai»s  Moderately  1,019  37  3.6  47  4.6 

Tans  Deep  Brovn  783  30  3.8  37  4.7 


TABLE  10-15.  (continued) 
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There  vu  *  significant  < p<0 . OCI )  association  vith  tha  sur.-rasction 
indax.  Participants  vith  tha  most  sensitive  skin  had  a  somevhat  lovar  rata 
(6.9X)  of  varifiad  basal  call  carcinoma  llfatiaa  than  tha  participants  in  tha 
naxt  aost  sansitiva  category  (9. OX),  although  tha  diffaranca  vac  not  as 
aarkad  as  in  tha  Basel ine-follovup  interval.  Hovavar,  tha  rata  for  thosa  who 
tannad  aasily  vas  much  lovar  (3.3X)  than  for  thosa  vho  did  not.  A  marginally 
significant  positiva  association  vas  found  vith  salf-raportad  axposura  to 
non-sun  ultraviolet  light  (p-0.055). 

Tha  results  vara  siallar  for  tha  varifiad  plus  suspected  basal  call 
carcinomas.  There  vas  a  significant  (p*0.016)  diffaranca  among  ethnic  back¬ 
grounds*  vith  participants  vith  Celtic  or  English  backgrounds  having  higher 
incidence  rates  than  thosa  vith  other  backgrounds.  Further,  there  vara 
marginally  significant  positiva  associations  in  incidence  rates  vith  non- 
medical  x-ray  axposura  (p«0.080)  and  arsenic  (p»0.084),  a  r?~ognised  skin 
carcinogen,  but  the  association  vith  ultraviolet  light  vas  .tot  significant. 

Tha  details  of  associations  betveen  tha  incidence  rates  of  varifiad  and 
suspected  sun  exposure-related  skin  malignancies  and  tha  cover iatas  are  given 
in  Appendix  H,  Table  H-17.  Tha  significant  covarlates  for  varifiad  condi¬ 
tions  vara  age  (p<0.001),  occupation  (p«0.009),  total  pack-years  (p<*0.021), 
average  latitude  (p-0.026),  and  sun-reaction  index  (p<0.001).  Tha  same 
pattern  held  for  verified  plus  suspected  sun  exposure-related  skin  malig¬ 
nancies.  Thera  vas  a  marginally  significant  positive  association  vith 
ultraviolet  light  axposura  (p-0.078)  for  the  verified  conditions  only,  and 
vith  herbicide  exposure  (p-0.076)  for  the  verified  plus  suspected  conditions. 

The  covariates  chosen  for  the  adjusted  analysis  vere  ago,  occupation, 
skin  color,  average  lifetime  residential  latitude  and  the  sun-reaction  index. 


Adjusted  Analysis 

The  results  of  adjusted  analyses  of  group  contrasts  for  lifetime  skin 
malignancies  are  given  in  Table  10-16.  There  vas  significant  evidence  of  a 
higher  incidence  rate  of  verified  basal  cell  carcinoma  in  the  Ranch  Band 
group  as  contrasted  vith  the  Comparisons  (p-0.035).  The  adjusted  relative 
risk  vas  1.56  (95X  C.I.:  [1.03,2.37]).  A  sun-reaction  index-by-average 
latitude  interaction  (p-0.026),  a  skin  color-by-sun-reaction  index  inter¬ 
action  (p<C.001),  and  an  occupatl on-by-age  interaction  (p-0.047)  made  signif¬ 
icant  contributions  to  the  model.  The  adjustment  by  average  residential 
latitude,  vhich  is  greater  for  Ranch  Hands  than  Comparisons,  contributed  to  a 
higher  relative  risk  resulting  from  the  adjusted  analysis  than  from  the 
unadjusted  (see  Table  10-14).  Vhen  suspected  ba*al  cell  carcinomas  vere 
included  in  the  analysis,  a  significant  group-by-uun- react ion  index 
interaction  (p-0.040)  vas  found.  Age  (p<0.001),  a  skin  color-by-average 
residential  latitude  (p«0.024),  and  a  skin  color-by-sun- react ion  index 
interaction  (p<0.001)  made  significant  contributions  to  the  adjustment.  This 
vas  due  to  a  significant  increase  in  basal  cell  carcinoma  incidence  for  Ranch 
Hands  vith  an  intermediate  skin  reaction  to  sun  over  similar  Comparisons 
(Adj.  RR:  1.97,  95X  C.I.*  [1.04,3.73],  p-0.038)  (Appendix  H,  Table  H-18). 

Similar  results  vero  found  in  the  contrast  of  Ranch  Hand  versus  Original 
Comparisons  (Table  H-19).  Namely,  for  verified  basal  cell  carcinoma,  and  for 
verified  plus  suspected  basal  cell  carcinomas,  significant  group-by-sun- 
reaction  index  interactions  vere  found  (p-0.010  and  p-0.003,  respectively 
[see  Table  H-20  for  additional  details  on  the  interactions]). 


TABU  10-16. 


Adjusted  Analyses  of  Ronblack  Followup  Participants  for 
Lifstlsa  Malignant  Skin  Neoplasm  Incidanca 


Adj.  Relative 


Variable 

Status 

"isk  (95X  C.I.) 

p-Value 

Covarlate  Resarks 

Basal  Cell 
Carcinona 

Verified 

1.56 

(1.03,2.37) 

0.035 

SKIN*SUNRBAC  (p<0.001) 
0CC*AGB  (p.0.047) 
SUNRSAC*LaT  (p-0.026) 

Verified  & 
Suspected 

**** 

AGB  (p<0.001) 
GRP*SUNR£AC  (p-0.040) 
SKIN*LAT  (p-0.024) 
SRIN*SUNRBAC  (P<0.001) 

Malignant 
Sun-Sxposure 
Skin  Neoplasss 

Verified 

1.54 

(1.04,2.29) 

0.030 

AGB  (p<0.001) 

SKIN*LAT  (p-0.016) 
SKIN*SUNR£AC  (p<0.001) 

Verified  6 
Suspected 

1.23 

(0.86,1.77) 

0.252 

AGB  (p<0.001) 

SKIN*LAT  (p-0.013) 
SKIN*SUNREAC  (p<0.001) 

****Group-by-covariata  interaction — adjusted  relative  risk,  confidence  interval, 
and  p-value  not  presented. 
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As  shovn  in  Table  10-16,  there  was  a  significantly  higher  incidence  rate 
of  sun  exposure-related  skin  malignancies  among  Ranch  Sands  as  contrasted 
vith  Comparisons  (Adj.  RR:  1.54,  95%  C.I.i  {1.04,2.29],  p»0.030).  Signif¬ 
icant  contributions  vere  noted  for  age  (p<0.001),  a  skin  color- by-sun- 
reaction  index  interaction  (p<0.001),  and  an  average  latitude-by-skin  color 
interaction  (p-0.016).  When  suspected  sun  exposure-related  skin  malig¬ 
nancies  vere  included  in  the  analysis,  the  adjusted  relative  risk  becaae  1.23 
(951  C.I.:  [0.86,1.77])  end  no  longer  significant  (p-0.252).  Age 
(p<0.001)r  a  skin  color-by-sun-reaction  index  interaction  (p<0.001),  and 
average  latltude-by-s^ln  color  interaction  (p»0.013)  contributed  signif¬ 
icantly  to  the  adjustment.  When  Ranch  Bands  vere  contrasted  to  Original 
Comparisons,  sign* fi  ant  group-by-sun  reaction  index  interactions  vere  found 
for  verified,  and  verified  plus  suspected,  sun-exposure  related  skin 
neoplasms  (p«0.045,p»0.016,  respectively).  These  interactions  vere  due  to 
significant  relative  risks  for  those  participants  vith  internediate  reactions 
of  skin  to  sun,  as  vas  also  found  for  basal  cell  carcinomas  only  (see 
Appendix  Tables  H-19  and  H-20  for  details). 


Lifetime  Systemic  Neoplasms 


Table  10-13  shovs  that  81  (8. 0Z)  Ranch  Hands  and  87  (6.7%)  Comparisons 
had  a  verified  history  of  systemic  neoplasms  of  any  type  (malignant,  benign, 
or  uncertain).  The  estimated  relative  risk  vas  1.20  (95%  C.I.i  [0.80,1.65]), 
and  vas  not  significant  (p-0.259).  Vith  the  inclusion  of  suspected  systemic 
neoplasms,  the  frequencies  vere  9.0  percent  (91/1,016)  for  Ranch  Bands  and 
8.2  percent  (106/1,293)  for  Comparisons,  vith  an  estimated  relative  risk  of 
1.10  (95%  C.I.:  [0.82,1.48]),  and  the  contrast  vas  also  not  significant 
(p-0.548). 


Por  Ranch  Hands  vith  systemic  neoplasms  of  any  type,  the  percentage  vith 
malignant  neoplasms  vas  21.0  percent  (17/81)  and  the  corresponding  rate  for 
Comparisons  vas  19.5  percent  (17/87),  a  nonsignificant  group  difference 
(p-0.849).  Including  suspected  systemic  malignancies,  these  frequencies  vere 
23.1  percent  (21/91)  for  Ranch  Hands  and  20.8  percent  (72/106)  for 
Comparisons.  Again,  the  group  difference  vas  not  significant  (p«*0,731). 


For  the  remainder  of  this  section,  only  malignant  systemic  neoplasms  are 
discussed. 


Lifetime  Malignant  Systemic  Neoplasms 

Table  10-17  presents  the  frequencies  of  verified  lifetime  malignant 
systemic  neoplasms  by  site.  Three  Ranch  Hands  versus  no  Comparisons  had 
malignant  neoplasms  of  the  oral  cavity  and  pharynx;  these  occurred  at  ages 
45,  52,  and  57.  The  group  difference  in  incidence  rate  vas  marginally 
significant  (p«0.085) .  No  Ranch  Hands  but  5  Comparisons  had  malignant 
neoplasms  of  the  colon;  the  group  difference  in  incidence  rate  vaa  also 
marginally  significant  (p-0.072).  Three  Ranch  Hands  but  no  Comparisons  had 
testicular  malignancies,  but  the. group  difference  in  incidence  rates  vas  onl> 
marginally  significant  (p-0.085).  These  occurred  at  ages  35,  38,  and  54. 

The  suspected  maA  ;nant  neoplasms  are  listed  in  Table  10-9.  Table  B-21  of 
Appendix  H  gives  -  list  of  verified  lifetime  malignant  systemic  neoplasms  for 
Ranch  Hands  and  Original  Comparisons. 
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TABU  10-17 


Summary  v£  r^ll'ww  futidpvts  With  LlfitlM 
Iseldanct  of  Verified  Malignant  Sy*t«au.v.  by  Group 


Group 


Site 

Ranch  Hand 

Comparison 

Total 

Bye 

1 

0 

1 

Oral  Cavity  and  Pharynx 

2*  • 

0 

3 

Larynx 

0 

1 

1 

Thyroid  Gland 

0 

2 

2 

Esophagus 

0 

le 

1 

Bronchus  and  Lung 

2 

0 

1 

Colon 

0 

54.. 

5 

Kidney  and  Bladder 

4 

3 

7 

Prostate 

2 

2 

4 

Testicles 

3 

0 

3 

Connective  and  Other 

Soft  Tissue 

1 

1 

2 

Hodgkin's  Disease 

0 

1 

1 

Ill-Defined  Sites 

1* 

1* 

2 

— 

— 

— 

Total 

17 

17 

34 

'includes  one  Pen eh  Hand  with  separata  Malignancies  of  tongue  and  epiglottis 
and  also  malignant  neoplasm  of  bone. 

bIncludes  one  Ranch  Band  vith  separate  malignant  neoplasms  of  tongue  and 
oropharynx  and  secondary  malignant  neoplasm  of  other  site. 

'Also  has  malignant  neoplasm  of  bone. 

''incudes  one  Comparison  vith  secondary  malignant  neoplasms  of  liver  and  bone 
and  bone  narrow. 

'includes  one  Comparison  vith  secondary  malignant  neoplasm  of  liver. 

* Malignant  neoplasm  of  thorax. 

’Halignant  neoplasm  of  face,  head,  or  neck. 
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One  Ranch  Hand  and  one  Comparison  hcd  neoplasms  of  connective  and  other 
soft  tissue.  The  Comparison  had  a  fibrosarcoma  at  age  28  (reported  at 
Baseline)  and  the  Ranch  Band  participant  nad  malignant  fibrous  histiocytoma 
at  age  63  (reported  at  follovup).  Both  of  these  conditions  are  classified  as 
soft  tissue  sarcoma. 

Since  soft  tissue  sarcoma  and  malignant  neoplasms  ot  the  lymphatic 
system  are  of  concern  in  this  study,  the  occurrences  of  these  malignancies 
are  shown  by  group  in  Table  10-18.  The  occurrences  of  these  four  malig¬ 
nancies  are  too  small  to  support  further  statistical  analysis. 


TABLE  10-18. 

Summary  of  Follovup  Participants  vith  Lifetime 
Soft  Ti*s> e  Sarcoma,  Leukemia  or  Lymphoma  by  Group 


Group 


Site 


Ranch  Hand  Comparison 


Verified  Soft  Tissue 

1 

1 

Sarcoma 

Verified  Hodgkin's 

0 

1 

Disease 

Suspected  Leukemia, 

Hodgkin's  Disease,  or 
non-Hodgkin' 3  Lymphoma 

1 

0 

Unadjusted  Analysis 

Table  10-19  shows  the  results  of  unadjusted  analyses  of  the  frequencies 
of  participants  in  each  group  vith  verified  or  verified  plus  suspected 
malignant  systemic  neoplasms  combined.  The  estimated  relative  risk  for  all 
malignant  systemic  neoplasms  vas  1.28  (95X  C.I.:  0.65,2.51)  and  vas  not 
significant  (p-0.491).  Vith  the  inclusion  of  suspected  malignant  neoplasms, 
the  estimated  relative  risk  vas  1.22  (95Z  C.I.:  0.67,2.23)  and  vas  also  not 
significant  (p-0.538).  Similar  nonsignificant  results  vere  found  for  Ranch 
Hands  contrasted  vith  Original  Comparisons  (see  Table  H-22  of  Appendix  H). 


Covariates 

The  saae  covariates  used  for  the  interval  history  of  malignant  systemic 
neoplasms  vere  used  for  the  adjusted  analysis  of  lifetime  malignant  systemic 
neoplasas,  namely,  age,  race,  occupation,  history  of  cigarette  smoking  and 
alcohol  consumption,  and  exposure  to  carcinogens.  Total  smoking  and  alcohol 
consumption  vere  estimated  up  to  the  follovup  examination,  and  may  be 
different  if  estimated  only  up  to  the  year  of  diagnosis  of  a  neoplasm  (if 
any).  Further,  age  at  follovup  rather  than  age  at  diagnosis  vas  used  in  the 
analysis. 
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THU  10-19. 


Status 


Uvdjusted  Analyses  of  Lifetime  Ihcldnce  Ratal 
of  All  MaUgant  Systemic  NBoplnsms  Qzxblnad,  I y  Onqi 

Group  Est.  Relative 

Statistic  Ranch  Hand  unperisen  Ride  (95X  C.I.)  p-Vhlue 


Verified 

Nunber  of 
Earticipsnts/X 

17 

Total  Neoplasms 

25 

Verified  &  Suspected 

Number  of 
Participants/* 

21 

Total  Neoplasms 

36 

1.7* 

17 

22 

1.3X 

1.28  (0.65,  2.51) 

0.491 

2. IX 

22 

27 

1.7X 

1.22  (0.67,2.23) 

0.538 

Covariate  Associations 

Associations  between  the  incidence  rate  of  all  aalignant  systeaic 
neoplasms  combined  and  the  covariates  are  presented  in  Table  10-20.  For 
verified  malignant  systemic  neoplasms,  strong  associations  were  found  vith 
increasing  age  (p<0.001)  and  occupation  (officers  2.3X,  enlisted  flyers  1.3X, 
and  enlisted  groundcrev  0.9Z,  p-0.028).  These  same  associations  were  also 
found  for  verified  plus  suspected  systemic  malignancies.  The  association 
vith  smoking  history  was  not  significant,  either  for  verified  or  for  verified 
plus  suspected  malignancies.  The  incidence  rate  of  all  malignant  systemic 
neoplasms  Increased  marginally  significantly  (p»0.073)  vith  increasing  levels 
of  total  lifetime  alcohol  consumption.  For  verified  plus  suspected  malig¬ 
nancies,  the  difference  among  drink-year  categories  vas  also  marginally 
significant  (p«0.080).  No  significant  association  vas  found  vith  the 
composite  carcinogen  exposure  variable.  A  significant  association  vas  found 
between  the  incidence  of  verified  malignant  systemic  neoplasms  and  naphthyl- 
amine  (p-0.048).  There  vas  a  significant  positive  association  between  the 
verified  plus  suspected  conditions  and  naphthylamine  (p»0.019),  and  a 
marginally  significant  association  vith  chloromethyl  ether  (p-0.067). 

The  covariates  used  for  the  adjusted  analysis  of  the  incidence  of 
malignant  systemic  neoplasms  vere  race,  age  (continuous),  occupation, 
pack-yeirs,  drink-years,  and  the  composite  carcinogen-exposure  variable. 


Adjusted  Analysis 

Table  10-21  shovs  that,  in  the  adjusted  analysis  of  the  group  contrast 
in  incidence  of  all  systemic  malignancies  combined,  there  vas  a  significant 
group-by-occupation  interaction  (p*0.023).  This  vas  due  to  a  difference  in 
rates  for  the  enlisted  flyers,  5  Ranch  Hands. versus  0  Comparisons  (unadjusted 
p-value«0.019),  whereas  the  incidence  rates  for  officers  and  enlisted 
groundcrev  did  not  differ  significantly  between  groups  (p«0.698  and  0.922, 
respectively)  (Table  H-23).  Age  made  a  significant  contribution  to  the 
adjustment.  When  suspected  systemic  malignancies  vere  combined  vith  the 
verified  systemic  malignancies,  a  group-by-occupation  interaction  (p>0.002) 


10-46 


* 


1 

1 


n 


u 

> 


s 

> 


o 

Ui 

« 


« 

U 


J 


l 


s 

rH 

o. 


u 

u 


« 


2 


I 


o  u 

H  -h 
w 
k> 

« 

a, 


u 

2 

o 

o 


ri 

CTv 

-t 

O 

3 

fM 

m 

3 

CM 

ca 

O 

• 

• 

• 

• 

» 

o 

o 

o 

o 

O 

V 

r»  ^ 

OS  fs. 

fM  CO  CM 

N*Mn 

PA  PA  >♦  SO  SO 

*  •  • 

«  • 

•  0  • 

•  •  •  • 

•  •  •  «  • 

©  CM  M> 

r*  o 

OJ  ^  r« 

ri  ri 

H  H  A  N  M 

7 

30 

6 

CM  i-l 
M 

mr*  <n 

CS  rH 

OOOH^ 
CS  tH 

CMOOAIft 
H  H  H 

rH 

CO 

r- 

CA 

3 

>o 

v.M 

CM 

O 

PA 

CM 

r- 

o 

• 

• 

• 

• 

• 

o 

o 

o 

o 

o 

V 

-*•  e*  ca 

•A  O 

PA  PA  0* 

P»  OS  «-•  CM  fM. 

•  •  • 

•  • 

O  •  0 

•  •  •  • 

•  •  •  0  • 

O  *-•  so 

*-t  o 

CM  H  O 

O  CH  CM  CM 

O  O  rH  CM  PA 

>•>»« 

M 


S0 


om« 

CM 


^r-cOHM 


votoes 

O*  CM 


vO  ca 

<0  M 


I  *“C  CO 


CM 


mc  r*»  co 

«Qin 
~  rt  © 


HOfl 

tn  o 


©88 

r-  in  *-* 


CM  I  CM 
M  d  cs 
a>  CM 


ape 
U  U  u 

3  33 


9 

2*3 

Is 


u 

u 

A 

>*  o 

rH  U 
h  U 

D  w  w 

u  w  w 

•H 

»WHH 

2  <5  <5 


o  *» 

cm  l 
i  o  o 

OMM 

AAA 


s§ 

»n  ^  i  o 

<USS 

O  A  A  /\  /\ 


« 

2 


« 

U 


e 

o 


8. 

3 

o 


8 


BJ 

A 


J  CO* 

e  L 

H-rl  J< 

Di  u 
u  O  It 

£St 


X  - 

•A  0) 

*■*  c  u 

«  O  CO 
<M  it  V 
•H  *c 

jh  a  i 

^iS-3 

fl  O  W  *H 

*■>  o  e  u 

OH  60 

H  <  O  ^ 


10-47 


TABLE  10-20.  (continued) 
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TABLE  10-20.  (continued) 
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TABLE  10-21 


Adjusted  Analyses  for  Lifetiae  Incidence  of  All 
Malignant  Systealc  Neoplasm  Combined 


Variable 

Ad j .  Relative 

Risk  (951  C.I.) 

p-Value 

Covariate  Reaarks 

Systeaic 

**** 

GRP*0CC  < p-0-023) 

Malignancies 

ACB  (p<0.001) 

(Verified) 

Systeaic  Malignancies 

**** 

GRP*0CC  (p-0.002) 

(Verified  &  Suspected) 

AGE  (p<0.001) 

RACE*PACKYR  (p-0.032) 

****Group-fcy-covariate  interaction — adjusted  relative  risk,  confidence 
interval,  and  p-value  not  presented. 


vas  also  found;  this  vas  also  due  to  the  high  rates  for  the  Ranch  Hand 
enlisted  flyers. 


Conparison  of  Baseline,  Interval,  and  Lifetiae  Results 

Table  10-22  coapares  the  unadjusted  and  adjusted  contrasts  fron  the 
Baseline  report  with  those  froa  the  Baseline-follovup  interval  and  the  vhole 
post-SXA  period,  for  the  Incidence  of  all  verified  aalignant  skin  neoplasas 
contained,  verified  basal  cal',  carcinoses,  and  all  verified  aalignant  systeaic 
neoplasms  contained.  There  vere,  of  course,  differences  in  the  Baseline  and 
followup  cohorts,  but  there  vas  a  sufficiently  large  overlap  to  nake  such  a 
comparative  tabulation  useful. 


Malignant  Skin  Neoplasas 

• 

The  elgnificant  relative  risk*  for  all  aalignant  skin  neoplasms  seen  at 
Baseline  were  not  evident  for  the  i*useline-follovup  interval.  However,  for 
lifetiae  basal  cell  carcinoaa,  a  significant  adjusted  group  contrast  vas 
found  (p-0.035).  The  difference  in  the  incidence  rates  of  all  skin  neoplasms 
and  in  basal  cell  carcinomas  only  between  the  Ranch  Hands  and  the  Comparisons 
appears  to  have  decreased  over  tine,  as  evidenced  by  the  fact  that  the 
interval  estlaated  and  adjusted  relative  risks  vere  closer  to  1  than  those 
for  the  lifetiae,  i.e.,  Interval  plus  Baseline  period. 


Malignant  Systeaic  Neoplasm 

The  unadjusted  group  contrasts  in  incidence  rates  of  all  aalignant 
systeaic  neoplasas  combined  vere  rot  significant  for  Baseline,  for  the 
Baseline-follovup  interval,  or  for  lifetiae  (Baseline  plus  interval),  nor  vas 
the  adjusted  group  contrast  for  the  Baseline-follovup  interval.  The 
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Tm&  30-22. 


Ifc  ijwtal  nd  Afluted  Apalyaae  of  tha  IteMm  of  All  Verified  MUpait  9dn 
and  ^vttric  ttaplaons  and  Anal  Call  Ctednoau 
Panel ins,  fkaal  Ina-Miowy  Intarml.  and  UMn  OCamm 


Site 

Statistic 

Baaa3.hr* 

Ebaallnt-Mlowy 

Interval* 

Lifetiaa 

Occurrence 

All  Malignant 
9dn 

Naoplasw 

Nuaher  of  fturtici pants 
with  Hanpl  a—  Tenant^ 
Arch  9atd 

35 

3.3X 

37 

3.9K 

66 

6.9K 

Ooaparii  n 

25 

2. OK 

40 

3.3X 

66 

5.4K 

Bat.  RR/p-Atalua 

1.62 

(0.07)d 

1.18 

(0.486)* 

1.29 

(0.175)' 

Mj-  HR/p-Value 

-* 

-* 

_* 

_ * 

— * 

_* 

Basal  Gall 
Garcinoaa 

Nudw  of  Rurtldpants 
with  Msipl  aaaa  ^Facoant tff 
nnen  w 

31 

3. OK 

29 

3. OK 

53 

5.3K 

Ooagarison 

21 

1.7* 

30 

2.3X 

50 

4.  IK 

Bat.  RR/p-Valm 

1.71 

(0.047)d 

1.23 

(0.429)* 

1.36 

(0.128)’ 

Adj.  RR/p-VfcLne 

_* 

**** 

**** 

1.56 

(0.035) 

All  Maligrwrt 

Systaadc 

Naoplaaas 

Nabar  of  ferricipants 
with  Heoplsaag  Tarcant : f 

t>nnnU  —  -  -» 

Khui  Hru 

13 

1.2K 

8 

O.QK 

17 

1.7* 

Oonnarison 

11 

0.9K 

7 

0.5X 

17 

1.3X 

Bst.  RR/p-Value 

1.35 

(0.46)d 

1.46 

(0.603)* 

1.28 

(0.491)' 

Adj.  Rt/p-VUue 

_* 

_* 

1.51 

(0.434) 

tMvl 

— *Analysis  rot  done 

‘baseline  partio.ipunts?  1,045  Ranch  He- ids,  1,224  Ooqparlsoua. 
bPollowjp  pat  ricipents:  1,016  Ranch  Bands,  1,293  Ooafat  Isons. 

cNcnblack£  only  for  followup  participants  (956  Ranch  Hands,  1,210  Coaparisons),  both  nonblacks  and 
Rlt'dcs  for  Bbsaline  participants. 

Chi-square  test 

"Fisher's  eaact  ’■est. 

fAll  participants. 

****Group-by-  'ovariate  interaction. 


activated  lifetime  relative  rick  appears  closer  to  1  than  for  the  tvo 
intervals  separately,  but  the  saall  number  of  occurrences  and  intervening 
Mortality  preclude  sore  definitive  statements. 


Baseline  Participants 

This  brief  section  summarises  the  Mortality  and  malignant  neoplasm 
history  of  the  fully  compliant  Baseline  participants  in  the  interval  up  to 
the  follovup  examination.  Mortality  information  up  through  ths  end  of  1985 
•7 as  considered.  This  discussion  is  ditected  to  the  question  of  whether 

competing  mortality  affected  the  preceding  analysis  of  incident  cancers  among 
living  participants. 

Of  the  1,045  Ranch  Hands  and  1,224  Comparisons  vho  vere  fully  compliant 
at  Baseline,  971  Ranch  Hands  and  1,139  Comparisons  returned  to  the  follovup 
examination.  Table  10-23  presents  the  numbers  of  Baseline  participants 
according  to  whet  er  they  completed  the  follovup  examination  and  whether  they 
vere  alive  at  the  end  of  1985. 


TABLS  10-23. 

Fully  Compliant  Baseline  Participants  by 
Status  at  Follovup  Rxami nation  and  Group 


Participated  in  _ Group 


Follovup 

Bxamination 

Status 

Ranch  Hand 

Comparison 

Total 

Tes 

Dead" 

3 

2 

5 

Alive 

968 

1,137 

2,105 

No 

Dead 

9 

15 

24 

Alive 

65 

70 

135 

Total 

1,045 

1,224 

2,269 

"Died  in  1985,  but  subsequent  to  participation  in  the  examination. 


For  the  participants  vho  did  not  return  for  the  follovup  examination, 
Table  10-24  shovs  that  2  of  the  9  deaths  aaong  Ranch  Hands  vere  due  to 
malignant  neoplasms,  compared  with  5  of  the  15  deaths  among  the  Comparisons. 
One  Ranch  dend  vho  died  had  a  malignant  skin  neoplasm,  but  this  vas  not  the 
primary  cause  of  death.  Aaong  the  65  Ranch  Hands  vho  did  not  return  for  the 
follovup  examination,  5  had  verified  malignant  neoplasms  at  Baseline, 
including  1  systemic  neoplasm  (of  the  kidney),  as  contrasted  with  2  among 
70  Comparisons  vho  had  verified  malignant  (skin)  neoplasms.  Thus,  among  the 
74  Ranch  Hands  not  returning  for  follovup,  there  vere  8  with  incident  or 
fatal  neoplasms,  as  compared  to  7  of  85  Comparisons;  the  group  difference  vas 
not  significant  (p«0.788). 
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TABLE  10-24 


Fully  Compliant  Baseline  Participants 
Who  Did  Not  Participate  In  Followup  Examination 
by  Status  and  Group 


Group 


Status 


Ranch  Hand  Coaparison  Total 


Dead — Primary 
Causa  of  Deatht 

Malignant  Keoplasa 

Otuar  Causes 

l-ost  to  Pollovup: 

Verified  Maligrant  Neoplasm 
at  baseline 


2*  5b  7 

7C  10  17 

5d  2*  7 


No  Malignant  Neoplasa 

at  Baseline  60 


6B  128 


"Both  with  lung  cancer. 

“Three  vith  lung  cancer,  one  vith  aalignant  neoplasa  of  intestine  (location 
unspecified),  one  with  malignant  neoplasa  of  an  ill-defined  site  (face,  head, 
or  neck). 

c Includes  one  Ranch  Hand  vith  aalignant  skin  neoplasa. 

*Four  vith  aalignant  skin  neoplasms,  one  vith  aalignant  systeaic  neoplasm 
(kidney). 

*Tvo  vith  aalignant  skin  neoplasms. 
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For  the  participants  vho  did  raturn  for  tha  follovup  examination,  Tsbla 
10-23  glvas  tha  frequencies  and  parcantagas  of  tha  raspactiva  group  totals 
according  to  naoplasa  status  at  Basalina  and  at  follovup.  Analysis  shovad 
that  thara  vas  no  significant  group  difference  (p-0.115)  in  tha  pattarn  of 
naoplasa  incidanca  at  Basalina  and/or  at  follovup. 

Tha  rasults  of  this  sactlon  shov  approxiaata  equivalence  batvaan  tha 
groups  for  tha  disaasa  of  cancer  (fatal  or  nonfatal)  sinca  Basalina,  and  in 
tha  proportions  of  participants  vith  aalignancias  at  Basalina,  follovup,  or 
both. 


EXPOSURE  INDEX  ANALYSES 

Unadjustad  and  adjustad  exposure  indax  analysas  vara  conductad  vithin 
aach  occupational  cohort  of  tha  Ranch  Hand  group  (saa  Chaptar  8  for  datails 
on  tha  axposura  indax).  Intarval  and  lifetime  occurrancas  of  basal  call 
carcinoaas,  sun-axposure  ralated  aalignant  skin  naoplasas,  and  malignant 
systaalc  naoplasas  vara  axaainad.  As  vas  dona  in  tha  cora  analysas,  varifiad 
conditions  and  varifiad  plus  suspactad  malignancies  vara  aach  invastlgatad. 
Blacks  vara  excluded  from  all  malignant  skin  naoplasa  analysas.  Group 
contrasts  in  incidanca  rates  of  malignant  skin  naoplasas  vara  adjustad  for 
tha  covarlatas  of  age,  sun  reaction  index,  and  average  residential  latitude. 
Adjustad  analysas  for  malignant  systemic  naoplasas  accounted  for  tha  affects 
of  age  and  race. 

For  aach  dependant  variable,  axposura  level  frequencies  and  parcantagas 
are  presented  in  Appendix  Tables  H-26  and  B-27,  for  intarval  and  lifetime, 
respectively,  along  vith  the  results  of  the  unadjusted  analysas.  Pearson's 
chi-squara  test  vas  used  to  reflect  overall  exposure  index  differences,  and 
Fi. bar's  exact  test  vas  used  to  investigate  medium  versus  lov  and  high  versus 
lov  exposure  level  contrasts.  Rasults  of  the  adjusted  analyses  are  presented 
in  Isblas  10-26  and  10-27,  for  intarval  and  lifatima,  respectively.  These 
results  are  presented  in  tha  context  of  a  main  effects  model  containing 
expose  e  index  and  all  adjusting  covariates. 

Several  significant  or  marginally  significant  overall  results  vere 
found.  None  vas  suggestive  of  a  strictly  increasing  dose  response  affect;  in 
fact,  most  shoved  decreasing  incidanca  rates  vith  increasing  axposura. 

Among  officers,  in  tha  unadjusted  intarval  analysis,  significant  or 
marginally  significant  rasults  vara  found  among  nonblacks  for  varifiad  and 
suspactad  basal  call  carcinomas  (overall  p-0.042),  sun-exposure  related 
aalignant  skin  naoplasas  (verified:  overall  p-0096,  varifiad  plus 
suspactad:  overall  p-0.021),  and  among  Blacks  and  nonblacks  for  verified  plus 
suspected  malignant  systemic  naoplasas  (overall  p-0.081).  These  findings 
vare  primarily  due  to  higher  percentages  of  malignancies  in  tha  medium 
exposure  level  than  in  the  high  or  lov  categories  for  aach  variable  (sea 
Appendix  Table  H-26  for  frequencies).  The  corresponding  adjusted  ar*ly.?*s 
vara  nonsignificant  for  basal  cell  carcinoma  (overall  p»0.136),  verified 
sun-exposure  malignancies  (overall  p»0.272),  and  systemic  malignant  neoplesms 
(overall  p«0.109).  The  adjusted  results  vere  marginally  significant  for 
verified  plus  suspected  sun-exposure  malignancies  (overall  p-0.095). 


TABLE  10-25 


Fully  Coup 11 ant  Baseline  Participants  Also 
in  Follovup  Examination  by  Malignant  Neoplasm  Status 


Group 


Malignant  Neoplasm 

Malignant  Neoplasm 

Ranch  Band 

Coeparison 

at  Baseline 

at  Follovup 

Number 

Percent 

Number 

Percent 

Total 

Tcs 

10 

1.0 

15 

1.3 

25 

Tes 

* 

No 

37 

3.8 

28 

2.5 

65 

Yes 

36 

3.7 

31 

2.7 

67 

Ho 

No 

888" 

91.5 

1,065* 

93.5 

1,953 

Total 

971 

1,139 

2,110 

"includes  three  Ranch  Hands  and  tvo  Coaparisons  who  died  after  follovup. 
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Adjusted  Exposure  Index  Analysis  for  Followup  Participants  for  occurrence  of  Malignant 

Heoplasns  in  the  Baseline-Followup  Interval 


w 

a 

ih 

t> 

o. 


01  . 
>  M 
■rt  • 

<-•  O 
•0 

rH  X 

at  m 

Ot  ON 


■r->M 

5S 


3 

U 

w 

C 

3 


9 

•o 

R 


a 

w, 

I 

Ki 


M=  Id 

n  o 

03  H 


(0 

UW  H 

-  w  o 
as  e-i 


* 

H 

>  <0 

3  O 

H 


c 

o 


id 

a 

a 

u 

o 

o 


a) 

f— i 

-Q 

id 

•H 

u 

£ 


in  o  oo 

H  CM  © 
Mf  HI  ON 
•  •  • 
o  o  o 


O  00 

rH  NO 
•  • 
00  -» 

o  oo 
in  r* 
•  • 
o  o 


CM  rH 
O  On 
•  • 
CM  O 


rH  _J  -5 
rH 

id  •  • 

u  o>  « 
v  >  > 

H  X  tc 


CM 


r~- 

CM 


Mf 

CM 


U 

V 

o 


O  rH  rH 
00  NO  N© 
©  CM  © 
•  •  • 
o  o  o 


o  o 

CM  rH 
•  • 
CM  rH 

•»  at 

in  rH 

O  © 
•  • 
o  o 


in  rH 
rH 
•  • 
o  © 


rH  J  rJ 
rH 

Id  • 

IH  R  M 

«  >  > 

S  SC  09 


m 


NO 


•4- 

m 


•S 


m  m 

-H  « 

x 


S' 


NO  NO  ON 

-4  on  x 
cn  sh 
... 
©  o  © 


<«s<rs 
HI  -<f 
in  rH 
•  * 
HI  CM 
•»  r 

X  CM 
©  O 
•  » 
o  o 


rH  ON 
m  rH 
»  * 
©  © 


rH  .J  J 
rH 

a  *  • 
u  «  « 
«  >  > 

o  *  tc 


On 

CM 


ON 

«* 


3 


*33 

« "S 
.2  § 
rH  O 

3  © 


no  ON  CM 
m  •o  on 
rH  rH  00 


S! 


x  hi 

r  ** 

HI  CM 

x  cm 
•  « 

©  © 


3s: 
•  ♦ 
cs  O 


id  •  • 
u  m  » 
«J  >  > 

oxa 


CM 


CM 


CM 


«  3  U 

o  O  -H 

e  mm 

pH  *iH  /^n 
<d  O  H  X 

to  M  VH 
id  id  >  c 
BOvO 


lH 

4> 

U 


©  >H  rH 
0b  NO  NO 
©  CM  © 


©  ©  ©  ©  ©  © 


O  © 

CM  rH 
«  • 
CM  rH 

r  •» 

in  rH 
©  © 
•  • 

o  o 


in  rH 
HI  rH 
•  • 
©  o 


tn  m 
v  > 


a 
u 
v 

S  *  to 


m 


sf 

m 


o>  u 

•H  « 

x 


HJJ  H  J  J 


s 


9 

O  O  hH  h 
C  MM  O 
HHH  41 
Id  O  In  O 
0)  U  01  10 

33^3 


10-57 


Enlisted  138  149  129  Overall  0.165 

Groundcrev  M  vs.  L  0.36  (0.06,2.25)  0.274 

H  vs.  L  0.14  (0.01,1.44)  0.098 


TABLE  10-36.  (continued) 
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TABLE  10-26.  (continued) 
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*Total  nustber  of  participants. 
*Nonblacks  only. 
bBlacks  and  nonblacks. 

— Analyses  not  done  due  to  sparse  cells 


Adjusted  Exposure  Index  Analysis  for  Followup  Participants  for 
Lifetiae  Occurrence  of  Malignant  Neoplasms 
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Enlisted  138  149  129  Overall  0.860 

Groundcrev  M  vs.  L  0.89  (0.27,2.97)  0.849 

B  vs.  L  0.71  (0.20,2.48)  0,589 


TABLE  10-27.  (continued) 
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♦Total  lumber  of  participants., 
*Nonblacks  only. 
b  Blacks  and  nonbladcs. 

— Analyses  not  done  due  to  sparse  cells. 


For  the  interval  analysis,  enlisted  flyers  exhibited  a  marginally 
significant  decreasing  dose-response  effect  for  verified  basal  cell  carci- 
noaas  in  both  the  unadjusted  (p«0.073)  and  adjusted  analyses  (p«0.080).  (All 
Ranch  Hand  enlisted  flyer  interval  malignant  skin  neoplasss  vere  verified 
basal  cell  carcinoses;  thus,  interval  results  for  verified  and  verified  plus 
suspected  basal  cell  carcinona  and  the  corresponding  sun-exposure  related 
neoplasss  vere  identical.  Similarly,  for  lifetime  analyses,  verified  and 
verified  plus  suspected  analyses  vere  the  same)'.  The  percentages  of 
participants  vith  interval  basal  cell  neoplasms  vere  11.1  percent,  3.3  per¬ 
cent,  and  1.9  percent  for  the  lov,  medium,  and  high  exposure  categories, 
respectively.  The  enlisted  groundcrev  exhibited  a  nonsignificant  decreasing 
dose-response  effect  for  basal  cell  carcinomas  and  sun-exposure  related 
malignant  neoplasms. 

In  the  adjusted  lifetime  analysis  for  enlisted  flyers  (Table  10-27), 
there  vere  significant  findings,  similar  to  the  interval  analysis,  namely  a 
decreasing  dose-response  effect  for  basal  cell  carcinomas  (overall  p>0.024; 
Adj.  RR  [medium  versus  lov]:  0.23,  95X  C.I.:  [0.03,  1.61],  Adj.  RR  [high 
versus  lov]:  0.08,  95X  C.I.:  [0.01,  0.78]),  and  for  sun-exposure  related  skin 
malignancies  (overall  p«0.045;  Adj.  RR  [medium  versus  lov]:  0.42,  95X  C.I.: 
[0.08,  2.19],  Adj.  RR  [high  versus  lov]:  0.09,  95X  C.I.:  [0.01,  0.89]).  The 
percentages  of  participants  vith  lifetime  basal  cell  carcinomas  vere 
13.0  percent,  3.3  percent,  and  1.9  percent  for  the  lov,  medium,  and  high 
exposure  categories,  respectively.  The  corresponding  percentages  for  life¬ 
time  sun-exposure  related  skin  malignancies  vere  13.0  percent,  4.9  percent, 
and  1.9  percent.  For  the  enlisted  groundcrev  cohort,  a  marginally  signif¬ 
icant  result  vas  found  for  all  systemic  malignancies  combined  in  the  adjusted 
analyses  (verified  only:  overall  p-0.073;  verified  plus  suspected:  overall 
p-0.087).  Of  the  four  verified  systemic  malignancies,  three  vere  in  the 
medium  exposure  category  and  one  vas  from  the  high  category.  There  vas  one 
additional  suspected  malignant  neoplasm  in  tbe  high  exposure  category.  No 
significant  results  vere  found  for  officers  in  the  lifetime  analysis. 


DISCUSSION 

The  statistical  analyses  of  cancer  endpoints  in  this  chapter  have 
carefully  folloved  the  prescribed  boundaries  of  the  SAIC  analytic  plan 
approved  by  the  Air  Force.  Specific  latency  analyses  of  certain  cancers 
associate'd  vith  environmental  exposures  vere  not  performed,  nor  vere 
contrasts  of  cancer-specific  incidence  rates  to  SEER  data  judged  appropriate. 
Further,  embedded  case  control  studies  on  selected  cancers  vere  not  performed 
due  to  concern  for  bias. 

The  statistical  analyses  focused  on  neoplasms  occurring  during  the  time 
interval  betveen  1982  and  1985  (Baseline  to  follovup).  Hovever,  because 
these  relatively  young  and  healthy  cohorts  yielded  small  numbers  of  cancers 
in  this  short  interval,  and  because  of  the  intense  scientific  interest  in 
malignant  disease,  the  analysis  vent  beyond  the  assessment  of  the  incidence 
of  malignant  neoplasms  in  this  interval.  Lifetime  (Baseline  and  follovup 
data  combined)  analyses  of  malignant  incident  neoplasms  vere  conducted. 
Cancers  occurring  prior  to  military  duty  in  SEA  vere  excluded.  A  full  cancer 
mortality-morbidity  analysis  vas  not  attempted  but  simple  tabulations  of 
cancer  incidence  and  mortality  of  Baseline  participants  vere  made.  Interval 
and  lifetime  analyses  vere  expanded  to  include  suspected  cancers  noted  at 
follovup.  Further,  grouped  cancers  that  vere  not  likely  related  vere 
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analyzed  (all  systealc  cancers  and  malignant  sun  exposure-related  skin 
neoplasms).  These  efforts*  ho  'ever ,  have  introduced  several  subtle 
interpretive  issues  that  should  be  noted,  e.g.,  skin  cancer  rates  are  for 
nonblacks  only,  vhereas  systeaic  cancer  rates  are  for  all  races;  lifetime 
group  rates  are  on  only  those  attending  the  follovup  examination;  and 
verified  and  suspected  cancer  categories  included  more  cases  but  the  data  are 
less  reliable.  Further,  contrasts  of  cancer  rates,  particularly  skin  cancer, 
betveen  the  Baseline  results  and  follovup  results,  or  lifetime  results,  must 
account  for  the  slight  differences  in  the  Baseline  and  foil ovun  cohorts, 
racial  adjustment  (Blacks  vere  not  omitted  from  skin  caicer  analyses  at 
Baseline),  skin  cancer  classification,  the  change  in  focus  from  the  Original 
Comparisons  to  the  total  Comparison  group,  and  vhether  the  data  vere  adjusted 
for  covariates. 


Skin  Cancer 

The  emphasis  on  skin  cancer  at  the  follovup  examination  vas  predicated 
upon  the  finding  of  a  significant  excess  of  such  cancers  at  the  Baseline 
examination,  and  the  lack  of  risk  factor  data  to  conduct  appropriate  adjusted 
analyses.  Because  of  shifting  factors  (cited  above)  betveen  the  exami¬ 
nations,  a  "direct  look"  at  the  skin  cancer  association  is  not  straight¬ 
forward.  Figure  10-1  is  presented  as  an  aid  to  clarify  the  skin  cancer 
observations  over  the  tvo  examinations. 

This  diagram  compares  the  Baseline  and  follovup  analyses.  So  that  the 
unadjusted  Baseline  results  could  be  contrasted  to  the  follovup  results,  the 
estimated  relative  risk  of  basal  cell  carcinoma  among  nonblack  Ranch  Hands 
versus  all  nonblAck  Comparisons  (not  just  Originals)  vas  calculated,  using 
data  in  the  Baseline  Report.  This  unadjusted  analysis  gave  a  significant 
relative  risk  of  1.77  (p-0.049).  These  results  could  then  be  directly 
contrasted  to  the  unadjusted  follovup  results,  vhich  shoved  a  narroving  of: 
group  differences  over  the  3-year  interval  (Est.  RR:  1.23,  p-0.429).  (It  is 
noted  that  this  contrast  compares  skin  cancer  rates  of  approximately  23  years 
to  3  years  at  different  levels  of  age  risk.)  The  adjusted  analysis  revealed 
a  significant  group-by-occupation  interaction,  due  to  a  significantly  higher 
rate  of  basal  cell  carcinomas  among  Ranch  Hand  enlisted  flyers  than  the 
corresponding  Comparisons  (Adj.  RR:  6.50,  p-0.019),  but  very  similar  rates  in 
the  tvo  groups  for  officers  and  enlisted  groundcrev  vere  seen. 

The  Baseline  data  vere  carefully  merged  (to  avoid  duplicate  counts)  vith 
the  follovup  data  to  assess  the  total  lifetime  incidence  of  basal  cell  carci¬ 
nomas  betveen  groups.  The  addition  of  the  nonsignificant  follovup  results  to 
the  significant  Baseline  results  produced  a  nonsignificant  lifetime  assess 
ment  (Est.  RR:  1.36,  p>0.128),  as  expected.  Hovever,  vhen  the  lifetime  data 
vere  adjusted  for  covariate  effects,  a  significant  result  emerged  (Adj.  RR: 
1.56,  p-0.035),  vith  Ranch  Hands  having  a  significant  excess  of  lifetime 
basal  cell  carcinoma.  A  careful  examination  of  the  covariates  shoved  that 
the  variable  of  average  residential  lifetime  latitude  vas  most  likely 
responsible  for  the  significant  adjusted  results.  The  latitude  variable  vas 
a  significant  confounding  variable  since  it  vas  associated  vith  basal  cell 
carcinomas  and  vith  average  lifetime  latitude  vhich  varied  significantly  by 
group . 


Baceiine  Results  +  Followup  Results 
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Figure  10-1. 

Schematic  Diagram  of  Unadjusted  and  Adjusted  Skin  Cancer  Results, 
by  Significance  and  Relative  Risk,  and  by  Examination  Period  (Time?. 
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Because  of  the  significant  confounding  effect  of  the  latitude  variable, 
it  vas  examined  closely  for  ais classification  or  bias.  An  initial  review  of 
the  residential  history  foras  shoved  occasional  discrepancies  between  totaT 
residential  years  and  chronologic  age.  This  was  generally  due  to  sporadic 
underreporting,  and  to  the  data  collection  instructions  which  required  the 
citation  only  of  residences  of  one  year  or  longer.  However,  analyses  shoved 
fairly  good  concordance  betveen  reported  residential  years  and  chronologic 
age.  No  significant  group  difference  vas  found  for  the  inaccuracy  of  resi¬ 
dential  reporting  (p-0.684),  validating  the  use  of  all  residential  histories 
even  though  some  were  slightly  iaprecise. 

In  the  course  of  reviewing  the  covariate  effects  on  basal  cell  carci¬ 
noma,  the  data  suggested  some  unexpected  associations.  To  sharpen  these 
contrasts,  adjusted  risks  were  est lasted  at  set  levels  of  skin  reaction  tr 
sun,  skin  color,  average  lifetime  residential  latitude,  and  age,  relative  to 
the  lovest  risk  observed,  i.e.,  Coaparisons  AO  years  old  (at  Baseline)  who 
have  lived  on  average  in  northern  latitudes  and  tan  easily  were  arbitrarily 
assigned  a  risk  of  1.00.  These  computed  risks  are  given  in  Table  10-28. 

These  results  show  uniform  increased  risks  in  the  Ranch  Hands  over  both 
the  base  level  of  one  and  the  Comparisons  in  the  same  covarlate  strata. 
Further,  in  all  strata,  age,  latitude,  and  skin  color  behave  as  expected. 
However,  the  sun-reaction  index  does  not  behave  as  expected  since  those  who 
burn  easily  have  lover  relative  risks  than  those  who  have  an  intermediate 
reaction  to  sun,  although  thay  do  have  higher  relative  risks  then  those  vho 
tan  easily.  This  nay  represent  avoidance  of  sun  exposure  or  the  use  of 
sunblock  by  those  individuals. 

Skin  cancer,  and  particularly  basal  call  carcinoma,  has  been  emphasized 
in  this  report  because  of  the  significant  group  differences  detected  at 
Baseline  (and  the  theoretical  link  to  TCDD  causation),  and  the  borderline 
significant  adjusted  results  found  for  the  lifetime  ret The  results  of 
the  third-year  followup  analysis  suggest  that  if  group  differences  continue 
to  narrov  (where  p^O.15)  at  the  fifth->oar  followup  examination,  the  lifetime 
results  vould  likely  not  be  significant  even  with  full  adjustment. 


Systemic  Cancer 

The  analyses  of  sys::emic  cancer  for  both  the  interval  end  lifetime 
periods  have  necessarily  been  Halted  by  scent  data.  Cancer  specific 
analyses,  in  particular,  have  not  provided  meaningful  results  because  of  lov 
counts.  However,  some  variation  in  tumor  type  vas  noted  in  the  two  groups: 
colon  cancer  (5  Comparisons,  0  Ranch  Hands),  testicular  cancer  (3  Ranch 
Hands,  0  Comparisons),  end  smoking  related  tumors  of  the  oral  cavity, 
pharynx,  bronchus,  and  lung  (3  Ranch  Hands,  0  Coaparisons).  Testicular  and 
saoking  related  tumors  have  not  been  associated  with  exposure  to  herbicides 
or  TCDD.  Table  10-18  cited  counts  of  malignancies  that  have  been  associated 
to  herbicides  and  dioxin  exposure.  Because  of  the  relative  rareness  of  the 
diseases  soft  tissue  sarcoma  (STS),  Hodgkin's  disease,  and  non-Hodgkin's 
lymphoma,  lifetime  rates  were  expected  to  be  exceptionally  lov. 

Host  of  the  covariate  associations  with  systemic  cancer  vere  antic¬ 
ipated,  but  the  change  in  significance  for  saoking  (significant  at  Baseline, 
borderline  significant  for  lifetime  cancers)  vas  not  expected,  particularly 
as  the  cancer  cases  increased  during  the  interval. 
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All  Cancers 

As  previously  noted,  the  interrelatedness  of  aany  of  the  analysed  cancer 
variables  has  created  a  compounding  of  statistical  significance,  and  care 
should  be  taken  in  Baking  inferences  and  final  conclusions.  An  almost 
uniform  dilutional  effect  vas  created  by  adding  "suspected"  cancers  to  the 
analyses,  as  there  vere  aore  of  this  category  in  the  Comparisons  than  in  the 
Ranch  Hands.  The  use  of  suspected  neoplasms  vas  deemed  necessary  in  order  to 
best  describe  the  complete  cancer  findings,  recognising  that  confirmation  of 
all  suspected  cases  vas  difficult. 

Tvo  patterns  emerged  froa  the  analyses.  All  relative  risks  exceeded  the 
value  of  one,  except  that  of  lifetime  verified  melanoma  and  verified  or 
verified  plus  suspected  squaaous  cell  carcinoma.  Some  of  the  elevated  risks 
vere  due  »:o  the  relatedness  of  the  variables  as  stated,  but  the  relative 
risks  for  the  unrelated  variables  skin  cancer  and  systemic  cancer  both 
exceeded  one.  The  joint  consideration  of  both  yielded  a  significant  relative 
risk.  The  second  pattern  vas  of  the  group-by-covariate  interactions  observed 
for  seven  of  the  analyses;  3  of  them  involved  the  covariate  of  occupation  and 
4  involved  skin  reaction  to  sun.  The  three  group-by-occupation  interactions 
all  shoved  a  significant  detriment  to  the  Ranch  Hand  enlisted  flying  cohort. 
Purther  analyses  of  air  crevmembers  versus  noncrevmembers  revealed  a  signif¬ 
icant  risk  of  basal  cell  carcinoma  for  tha  Ranch  Hand  air  crevmembers  (RR: 
1.94,  p-0.049).  Since  enlisted  Ranch  Hand  flyers  in  the  interval  exhibited 
more  basal  cell  carcinomas  (RR:  6.5,  p-0.019)  and  more  verified  and  suspected 
systemic  cancers  (4/175  RH  vith  systemic  neoplasms  versus  0/209  Comparisons, 
p.0.042),  there  may  be  aore  reason  to  assume  a  biologic  foundation  than 
chance,  although  the  reason  is  obscure.  The  four  group-by-sun  reaction  index 
interactions  all  revealed  a  significant  or  marginally  significant  detriment 
to  Ranch  Hands  vho  reacted  mildly  to  the  sun. 

In  full  context,  the  cancer  observations  cannot  be  vieved  as  disturbing 
at  this  time.  The  skin  cancer  group  differences  have  nar roved  over  a  3-year 
period.  An  additional  analytic  observation  on  skin  cancer  is  that  inclusion 
or  exclusion  of  only  one  or  tvo  cases  vas  shovn  to  alter  the  choice  of  the 
best  statistical  model,  affecting  the  presence  or  absence  of  both  covariates 
and  group-by-covariate  interactions,  and  also  charge  the  p-value  of  the 
adjusted  group  difference  above  or  belov  the  alpha  level  of  0.05.  For 
systemic  cancer,  both  groups  are  at  the  lover  end  of  the  expected  ascending 
cancer  curves,  vhere  numeric  and  tumor  type  fluctuations  are  expected.  A 
recognised  bench-mark  for  the  latency  of  many  cancers  is  20  years,  and  this 
vi 11  not  be  achieved  by  most  participants  until  the  5-year  follovup 
examination,  2  years  from  nov.  Cancer  findings  at  that  time  vlll  be  the 
basis  upon  vhlch  firm  conclusions  can  be  made. 


SUMMARY  AND  CONCLUSIONS 

The  cancer  analysis  focused  on  cancer  occurrences  in  the  Baseline- 
follovup  interval,  and  also  include;4  analyses  of  the  Baseline  plus  interval 
cancer  history.  A  summary  of  the  cancer  findings  is  given  in  Table  x0-29. 

No  significant  unadjusted  differences  vere  found  betveen  nonblack  Ranch 
Hands  and  Comparisons  in  the  Interval  (Baseline-Follovup)  incidence  rates  of 
basal  cell  carcinoma,  melanoma,  squaaous  cell  carcinoma,  all  malignant  skin 
cancers,  sun-exposure  related  malignant  neoplasms  (comprising  basal  cell 
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TABLE  10-29. 


Overall  Summary  Table:  Unadjusted  and  Adjusted  Analysis  of  Interval 
and  Lifetiae  Skin  and  Systealc  Cancer  Incidence 


Cancer  Type 
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TABLE  10-29. 


Overall  Su— ary  Tablet  Unadjusted  and  Adjusted  Analysis  of  Interval 
and  Llfetine  Skin  and  Syscemic  Cancer  Incidence  (continued) 


i 


Baseline-Follovup 

Lifetlae 

Interval 

(Baseline  &  Follovup) 

Cancer  Type 

Unadjusted  Adjusted 

Unadjusted  Adjusted 

Malignant  Systeelc  Cancer  (Blacks  and  Nonblacks) 

Verified  Systeaic  Cancer  NS  NS  NS  **** 

Verified  plus  Suspected 

Systeelc  Cancer  NS  ****  NS  **** 

All  Neoplasms  (Blacks  and  Nonblacks) 

Any  Type,  Any  Location”  Verified  NS*  — *  S 

NS:  Not  significant  (p>0.10). 

****Group-by-covariate  Interaction. 

— ‘Analysis  not  done. 

NS*:  Borderline  significant  (0.05<p<$).10) . 

b Comprises  malignant,  benign,  uncertain  behavior. 

S:  Significant  (pp.05). 
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carcinoma,  melanoma,  and  epithelial  neoplasms  NOS)  or  all  malignant  skin 
cancers  as  a  group.  The  unadjusted  group  contrast  of  all  skin  neoplasms 
(comprising  malignant  and  benign  neoplasms,  and  neoplasms  of  uncertain 
behavior  or  unspecified  nature)  vas  marginally  significant,  vith  a  higher 
rate  among  Ranch  Bands.  When  suspected  malignant  skin  cancers  (noted  at 
Followup  but  not  verified  at  the  time  of  writing)  were  included  in  the 
analyses  with  the  verified  conditions,  all  the  unadjusted  group  contrasts 
were  nonsignificant. 

The  covariates  used  for  the  adjusted  analyses  of  basal  cell  carcinoma 
and  the  sun  exposure  related  skin  malignancies  vere  age,  occupation,  skin 
color,  reaction  of  skin  to  sun,  and  average  latitude,  all  of  which  were 
highly  associated  with  skin  cancer  incidence.  Other  host  factors  were 
related  to  skin  cancer  incidence,  but  not  as  strongly  as  those  included  in 
the  analysis.  A  borderline  association  with  smoking  history  was  noted,  and 
vas  determined  to  be  partly  an  age  effect. 

Analysis  of  the  incidence  of  interval  basal  cell  carcinoma  revealed  a 
significant  group-by-occupation  interaction,  due  to  a  significant  group 
difference  for  enlisted  flyers,  but  not  for  officers  or  enlisted  groundcrev. 
Inclusion  of  suspected  basal  cell  carcinoaa  resulted  in  a  group-by-sun 
reaction  index  interaction.  This  vas  due  to  Ranch  Hands  vith  an  intermediate 
reaction  to  sun  having  a  higher  relative  risk  than  the  corresponding 
Comparisons.  The  adjusted  group  contrast  of  the  incidence  rates  of  verified 
sun-exposure  related  skin  cancers  vas  not  significant;  inclusion  of  suspected 
conditions  did  not  alter  this  lack  of  significance. 

There  vas  no  significant  group  difference  for  Blacks  and  nonblacks  in 
the  unadjusted  incidence  rates  of  all  interval  verified  malignant  systemic 
neoplasms  combined,  nor  vas  there  a  significant  difference  in  the  adjusted 
group  rates.  Analysis  of  the  verified  plus  suspected  interval  systemic 
cancers  shoved  a  nonsignificant  unadjusted  group  difference,  but  a  group  by 
occupation  interaction  vas  found  in  the  adjusted  analysis.  This  was  due  to  a 
significant  group  difference  of  verified  plus  suspected  systemic  malignancies 
among  the  enlisted  flycr3  vith  five  occurrences  among  the  Ranch  Hands,  but 
none  among  the  Comparisons.  Age  and  a  race-by-packyear  interaction  were 
important  adjusting  factors. 

The  Baseline  and  Followup  data  vere  combined  for  the  assessment  of 
lifetime  incidence  of  cancer;  occurrences  of  cancer  prior  to  Vietnam  vere 
excluded . 

There  vere  no  significant  unadjusted  group  differences  in  lifetime 
incidence  rates  among  nonblacks  for  basal  cell  carcinoma,  melanoma,  squamous 
cell  carcinoma,  the  sun  exposure  related  skin  cancers,  or  all  malignant  skin 
cancers  combined.  The  unadjusted  group  contrast  of  all  lifetime  skin  malig¬ 
nancies  vas  significant,  vith  a  higher  rate  among  Ranch  Hands.  Inclusion  of 
suspected  cancers  vith  the  verified  cancers  reduced  the  difference  betveen 
the  groups  for  all  these  malignant  skin  contrasts,  except  for  the  sun 
exposure  lated  skin  cancers,  for  vhich  a  marginally  significant  group 
differenc  as  found.  Hovever,  the  contrast  of  all  skin  malignancies 
remained  c  ase  to  significance. 

Adjusted  analysis  of  the  incidence  rates  of  lifetime  basal  cell 
carcinoma  revealed  a  significantly  higher  incidence  rate  among  Ranch  Bands 
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(Adj.  RR:  1.56,  p*0.035).  Significant  effects  of  an  occupation-by-age  inter¬ 
action,  a  skin  color-by-sun  reaction  index  interaction,  and  a  sun  reaction 
index-by-average  residential  latitude  interaction  vere  seen.  The  adjustment 
resulted  in  a  significant  relative  risk  that,  moreover,  vas  higher  than  the 
unadjusted  relative  risk.  Average  residential  latitude,  associated  with  both 
group  and  skin  cancer,  and  skin  color,  vhich  vas  associated  vith  the  disease 
and  marginally  associated  vith  group,  played  a  major  part  in  the  change  from 
the  unadjusted  analysis  due  to  confounding.  Inclusion  of  suspected  basal 
cell  carcinoma  in  the  adjusted  analysis  resulted  in  a  group  by  sun  reaction 
index  interaction,  as  vas  noted  for  the  interval  analysis. 

The  adjusted  group  contrast  in  incidence  rates  of  the  sun-exposure 
related  skin  cancer3  vas  also  significant  (Adj.  RR:  1.54,  p>0.030),  vhich  is 
not  surprising  since  the  majority  are  basal  cell  carcinoma.  Inclusion  of  the 
suspected  conditions  resulted  in  a  non-significant  group  contrast. 

The  unadjusted  group  contrasts  of  the  incidence  rates  of  all  systemic 
cancers  combined  vere  not  significant,  both  for  verified  end  verified  plus 
supected  conditions. 

There  vas  one  nev  occurrence  of  a  soft  tissue  sarcoma.  (Ranch  Hand)  and 
one  suspected  cancer  of  the  lymphatic  system  (Ranch  Rand),  in  addition  to  the 
one  previously  reported  soft  tissue  sarcoma  and  one  Hodgkin's  disease  in  the 
Comparison  group. 

Adjusted  analysis  of  all  lifetime  malignant  systemic  neoplasms  as  a 
group,  hovever,  revealed  a  group  by  occupation  interaction,  due  to  a 
significantly  higher  rate  for  Ranch  Hand  enlisted  flyers  as  contrasted  to 
Comparisons.  The  same  result  vas  found  for  verified  plus  suspected  systemic 
cancers. 

In  conclusion,  there  vere  no  adjusted  or  unadjusted  differences  betveen 
groups  in  basal  cell  carcinoma  incidence  in  the  Baseline-follovup  interval. 

At  Baseline,  a  significantly  higher  rate  of  basal  cell  carcinoma  vas  found 
for  Ranch  Hands  vhen  contrasted  vith  Original  Comparisons.  When  the  Baseline 
data  vere  combined  vith  the  interval  data,  adjusted  analysis,  but  not  the 
unadjusted  analysis,  revealed  a  significantly  higher  rate  of  basal  cell 
carcinoma  among  the  Ranch  Hands  than  among  all  Comparisons.  The  relative 
risk  of  basal  cell  carcinoma  appears  to  be  declining  over  time. 

Relative  risks  of  basal  cell  carcinoma  and  systemic  cancer  vere  found  to 
be  consistently  larger  than  1.  Host  of  the  skin  cancers  vere  basal  cell 
carcinomas,  upon  vhich  most  of  the  skin  cancer  analysis  focused,  thus 
relative  risks  for  sun-exposure  related  skin  neoplasms  and  all  malignant,  skin 
cancers  as  a  group  vere  very  similar  to  those  for  basal  cell  carcinoma.  The 
number  of  occurrences  of  systemic  cancer  vas  small,  in  part  because  the 
cohort  is  relatively  young,  and  although  the  relative  risks  (lifetime  and 
interval)  are  greater  than  1,  the  difference  betveen  groups  is  not  signif¬ 
icant.  Sufficient  time  nay  not  have  elapsed  since  Vietnam  to  enable  a  group 
difference  in  systemic  neoplasms,  if  one  exists,  to  be  apparent. 
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CHAPTER  11 


NEUROLOGICAL  ASSESSMENT 


INTRODUCTION 

Neurological  signs  and  symptoms  *  as  distinguished  from  overt  diagnosable 
neurological  dis  >ase,  have  been  consistently  associated  vlth  industrial 
exposure  to  chlorophenols ,  phenoxy  herbicides,  and  TCDD.  Thus,  the  neuro¬ 
logical  system  comprises  a  major  examination  focal  point  in  all  dioxin 
morbidity  studies.  Th*s  ireport  carefully  separates  central  and  peripheral 
neurological  status  from  "neurobehavioral"  parameters,  which  are  discussed  in 
Chapter  12,  Psychological  Assessment. 

Based  on  animal  experiments,  neurotoxicity  can  be  attributed  to  the 
compounds  2,4-D  and  TCDD.  For  lov  to  moderate  doses,  both  central  and 
peripheral  acute  effects  occur  but  appear  to  be  reversible.1-1  The  effects  of 
2,4-D  are  presumably  due  to  disruption  in  the  neuromuscular  transport  system 
of  organic  acid  anions.*  A  variety  cf  2,4-D  experiments  in  several  animal 
species  generally  shoes  a  vide  range  of  neural  pathology  including  electro- 
encephalographic  (EEG)  desynchronisation,  demyelination,  myotonia,  loss  of 
coordination,  and  uncontrolled  motor  activity.  No  substantive  data  support 
the  isolated  neurotoxicity  of  2,4,5-T. 

Numerous  case  reports  following  accidental  human  exposures  or  suicide 
attemptssvith  2,4-D  have  shown  a  remarkable  neurologic  parallel  to  the  animal 
studies.  ~  In  particular,  2,4-D  and  TCDD  have  been  implicated  in  a  wide 
array  of  central  neurological  signs  and  symptoms,  including  headache, 
vomiting,  dizziness,  disorientation,  sleep  disturbance,  stupor,  memory  loss, 
loss  of  Coordination,  and  EEG  abnormalities  or  alterations  from  a  baseline 
tracing.  '  ’  A~  Peripheral  abnormalities  have  included  demyelination, 
acute  degeneration  of  ganglion  cells,  temporary  paralysis,  anesthesia,  hyper¬ 
esthesia,  paresthesia,  neuralgic  pain,  numbness,  tingling,  muscle  pain,  muscle 
fasclculations,  depressed  or  absent  deep  tendon  reflexes,  weakness,  decreased 
nerve  conduction  velocities,  "polyneuritis,"  and  limb  fatigue.  These 
peripheral  signs  and  symptoms  in  industrial  workors  have  received  the  generic 
diagnostic  label  "neurasthenia."  Both  the  number  and  severity  of  symptoms 
tended  to  aggregate  in  individuals  with  chloracce  as  contrasted  to  those 
without  chloracne.  ,i*17 

In  general,  there  is  consistency  between  the  various  case  reports  of 
neurasthenia  and  results  from  uncontrolled  clinical  studies.  Of  particular 
relevance  is  the  consistency  in  findings  from  studies  of  both  industrial 
manufacturing  and  industrial  accidents.  This  literature  provides  the  cl&t.r- 
cut  conclusion  that  neurological  impairment  is  caused  directly  by  exposur •  to 
2,4-D  and  TCDD.  Not  answered  satisfactorily  in  the  literature,  however,  are 
the  issues  of  complete  reversibilty  of  observed  signs  and  symptoms  and  th>% 
long-term  impact  on  health  and  quality  of  life. 
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Because  of  the  conclusive  evidence  that  tvo  of  three  Agent  Orange 
Ingredients  cause  neurological  "disease, "  It  follows  that  significant  exposure 
to  Agent  Orange  could  Manifest  neurologic  signs,  symptoms,  or  sequelae.  In 
fact,  over  10  percent  of  Vietnaa  veterans  who  enlisted  in  the  VA  Agent  Orange 
Registry  cited  one  or  acre  s yap tons  of  the  neurasthenic  complex. 

The  VA  Registry  is  a  comprehensive  listing,  predominantly  of  veterans 
alleging  health  impairments  due  to  Agent  Orange  exposure.  The  Registry  does 
not  purport  to  be  a  scientific  effort  upon  which  cause-and-effect  relation¬ 
ships  can  be  established.  Nonetheless,  some  individuals  believe  that  the 
symptom  array  in  the  VA  Registry  is  so  compatible  with  case  reports  and 
numerator-oriented  clinical  studies  that  the  veterans  must,  in  fact,  have 
suffered  adverse  health  effects  from  their  Vietnam  service  and  presumed 
exposure  to  Agent  Orange.  Others  point  to  the  intense  media  attention  to 
"Agent  Orange  symptoms"  during  the  formation  of  the  Registry,  and  presume  that 
the  veterans'  complaints  are  largely  due  to  an  "over-reporting"  or  compen¬ 
sation  bias. 

Clearly,  only  well-controlled,  well-conducted  epidemiologic  studies  of 
veterans  known  to  have  been  exposed  to  Agent  Orange  can  answer  the  question  of 
cause  and  effect  for  illnesses,  including  the  specific  question  of  whether 
single  or  multiple  neurologic  signs  and  symptoms  are  also  attributable  to 
these  exposures. 


Baseline  Summary  Results 

The  1982  AFHS  neurological  assessment  consisted  of  questionnaire, 
physical  examination,  and  electromyographic  data  obtained  by  examiners  and 
technicians  who  were  blinded  to  the  group  identity  of  each  participant.  The 
physical  examination  required  an  average  of  30  minutes  to  co  plate.  Those  few 
individuals  with  positive  RPR  tests,  a  screening  serological  test  for 
syphilis,  and  those  with  peripheral  edema  were  deleted  from  the  statistical 
analyses.  Covariates  of  reported  alcohol  usage,  exposure  to  insecticides  and 
industriel  chemicals,  and  glucose  intolerance  (diabetes)  vere  analysed. 

Results  of  the  questionnaire  disclosed  no  significant  group  differences  in 
reported  neurological  diseases. 

The  physical  examination  did  not  reveal  any  statistically  significant 
group  differences  in  the  function  of  all  12  cranial  nerves,  nor  ar.y  effects 
due  to  the  covariates  of  alcohol  or  diabetes.  Peripheral  nerve  function  was 
assessed  by  the  quality  of  four  reflexes  (patellar,  Achilles,  biceps,  and 
Babinski),  muscle  strength/ bulk,  and  reaction  to  the  stimuli  of  pin  prick, 
light  touch,  and  vibration.  Other  than  a  statistically  significant  increase 
(p-0.03)  in  Ranch  Band  Babinski  reflexes,  significant  group  differences  vere 
not  detected.  The  alcohol  eovariate  demonstrated  a  marginal  effect  (p-0.07) 
on  pin-prick  reaction,  while  glucose  intolerance  shoved  a  profound  effect  on 
the  patellar  and  Achilles  reflexes  and  reactions  to  light  touch  and  vibration. 

Nerve  conduction  velocities  vere  obtained  on  the  ulnar  nerve,  above  and 
below  the  elbov,  and  the  peroneal  nerve  by  highly  standardised  methods.  The 
results  for  each  segmental  measurement  were  nearly  identical  the  Ranch  Hand 
and  Comparison  groups.  Conduction  velocity  shoved  highly  significant  inverse 
relationships  to  both  alcohol  (measured  in  drink-years)  and  glucose  intol¬ 
erance  in  almost  all  of  the  anatomic  measurements.  No  group  as  -ociations  or 
interactions  were  detected  vith  the  covariates  of  industrial  and  degreasing 
chemicals  and  insecticides. 
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No  significant  group  differences  vere  detected  in  four  measures  of 
contrsl  nsurologicsl  function  (tremor,  finger-nose  coordination!  aodifiad 
positive  Romberg's  sign,  or  abnormal  gait).  Alcohol  usaga  was  significantly 
associated  with  th  presence  of  tremor,  and  glucose  intolerance  vas  highly 
correlated  to  abnormal  balance  and  the  presence  of  treaor. 

Of  a  total  of  84  exposure  index  analyses  on  all  of  the  dependent 
variables,  3  vere  statistically  significant  but  vere  either  nonlinear  or 
biologically  leplausible.  In  summary,  the  detailed  neurological  examination 
and  assessment  did  not  reveal  statistically  significant  increases  in  abnormal- 
ities  in  the  Ranch  Hands,  nor  vere  consistent  dose-response  relationships 
noted  for  herbicide  exposure.  The  classical  neurological  effects  of  alcohol 
ingestion  and  diabetes  vere  repeatedly  observed  in  the  neurological 
evaluations. 


Parameters  of  the  1985  Neurological  Assessment 

The  1985  AFHS  neurological  examination  deleted  the  aeasureaients  of  nerve 
conduction  velocities  but  othervise  repeated  the  format  of  the  Baseline 
examination.  The  questionnaire  maintained  a  historical  focus  of  neurasthenia 
via  five  questions  for  the  1982-1985  interval. 

Vith  this  similarity  in  examination  and  questionnaire,  the  dependent 
variables  of  the  analyses  vere  almost  identical  to  those  of  the  Baseline 
study,  hovever,  the  number  of  covariates  vas  slightly  increased.  Diabetic 
status  vas  trichotomlzedr  Individuals  reporting  a  history  of  diabetes 
(unverified)  and  individuals  exhibiting  glucose  Intolerance  vith  postprandial 
glucose  levels  greater  than  or  equal  to  200  mg/dl  vere  classified  as  diabetic, 
participants  vith  glucose  levels  of  at  least  140  mg/dl  but  less  than  200  mg/dl 
vere  classified  as  impaired,  and  participants  vith  glucose  levels  less  than 
140  ag/dl  vere  classified  as  normal.  Race  vas  included  as  a  covariate,  and 
lifetime  alcohol  use  vas  updated  on  the  basis  of  enhanced  information  from  the 
1985  questionnaire. 

The  analyses  vere  based  on  1,016  Ranch  Bands  and  1,293  Comparisons; 
Individuals  confirmed  to  be  positive  for  syphilis  by  fluorescent  treponemal 
antibody  (FTA)  testing  vere  excluded  from  all  analyses.  Individuals  vith 
peripheral  pitting  or  nonpitting  edema  vere  excluded  only  for  the  analyses  of 
pin  prick,  light  touch,  and  vibration.  Numeric  differences  in  the  folloving 
tables  are  due  to  missing  dependent  variables  or  covariate  data.  The 
exclusions  and  missing  covariate  data  are  summarised  in  Table  11-1.  The 
unadjusted  analyses  used  chi-square  or  Fisher's  exact  test  for  frequency  table 
analyses.  Adjusted  analyses  vere  not  performed  vhere  only  sparse  numbers  of 
abnormalities  vere  found.  Logistic  regression  models  vere  used  in  all 
adjusted  analyses.  Parallel  analyses  using  Original  Comparisons  can  be  found 
in  Appendix  I,  Tables  1-3  through  1-13. 


RESULTS  AND  DISCUSSION 


General 


Detailed  neurological  data  vere  obtained  on  all  participants  by  standard 
physical  examination  techniques.  Four  board-certified  SCRF  neurologists,  all 
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TABLE  11-1 


Exclusion*  and  Hissing  Dsts 
for  Neurological  Assessment  by  Group 


Data  Category 

Ranch  Hand 

Group 

Comparison 

Total 

Lifetime  Alcohol  History 
(Drink-Tears);  Hissing  Data 

39 

40 

79 

Peripheral  Bdeaa 
(Exclusion  Category  for 

Pin  Prick,  Light  Touch,  and 
Ankle  Vibration) 

13 

16 

29 

Diabetic  Class 
(Hissing  Data) 

0 

4 

4 

Positive  Syphilis  Serology 
(RPR  and  PTA) 

Exclusion  Category 

0 

1 

1 

blinded  to  tha  exposure  status  of  the  participants,  conducted  the  exami- 
natlons.  Data  vere  collected  to  assess  three  specific  clinical  areas: 
cranial  nerve  function,  peripheral  nerve  function,  and  central  nervous  system 
(CHS)  function.  The  analyses  in  this  chapter  are  presented  in  the  order  of 
these  functional  areas. 

The  unadjusted  statistical  analyses  presented  in  this  chapter  are 
straightforward  group  contrasts  of  dichotoeous  (normal /abnormal)  dependent 
variables  using  Pisher's  exact  test.  Logistic  regression  models  for  adjusted 
analyses  used  the  covariates  of  age  (born  in  or  after  1942,  born  betveen  1923 
and  1941,  born  in  or  before  1922),.  race  (Black,  nonblack),  occupation  (OCC) 
(officer,  enlisted  flyer,  enlisted  groundcrev),  diabetic  class  (DIAB)  (normal, 
less  than  140  ag/dl  glucose}  impaired,  at  least  140  mg/dl  but  less  than 
200  ag/dl  glucose;  diabetic,  greater  than  or  equal  to  200  ag/dl  glucose  or 
past  diabetic  history),  lifetime  alcohol  use  (DRKYR)  (total  drink-years: 

0,  greater  than  0  to  50,  greater  than  50),  and  unprotected  exposure  to  insec¬ 
ticides  (INS)  (recorded  as  yes/no,  excluding  herbicide  exposure).  The  models 
are  "best-fit"  following  a  step-dovn  strategy  beginning  with  all  tvo-vay 
Interactions  among  the  six  covariates.  Only  variables  vith  a  substantial 
number  of  abnormalities  vere  analyzed.  Several  summary  indices  vere  con¬ 
structed  for  functionally  related  variables  vith  lov  counts  of  abnormalities. 
A  summary  index  vas  created  for  the  cranial  nerve  function  by  combining  the 
15  cranial  nerve  parameters  into  a  single  index,  which  vas  classified  as 
nornal  if  all  parameters  vere  normal.  Another  cranial  nerve  function  vas 
created  in  a  similar  fashion,  excluding  neck  range  of  motion  due  to  the  much 
higher  percentage  of  abnormalities  found  for  this  variable  relative  to  the 
other  parameters.  The  four  coordination  parameters  of  the  central  nervous 
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system  vere  similarly  combined  to  form  a  summary  index.  These  constructed 
indicos  are  presented  more  for  the  purpose  of  inspection  than  for  inference 
making.  Since  the  corneal  reflex  (as  one  measure  of  the  trigeminal  nerve 
function)  contained  no  abnormalities  for  either  group*  no  table  is  pre.j'-ted 
vith  this  variable. 

The  statistical  pover  to  detect  a  given  relative  risk  in  many  oi  the 
subsequent  analyses  was  somevhat  limited.  Vith  the  use  of  a  tvo-sid.d 
a- level  of  0.05  and  pover  of  0.80*  the  sample  sixes  were  sufficient  'o  dete<.c 
a  49  percent  increase  in  the  frequency  of  abnormal  values  for  neck  range  of 
motion*  q  69  percent  increase  for  light  touch  but  only  a  doubling  for  tremor* 
and  an  elevenfold  increase  for  gag  reflex.  Pover  vas  generally  poor  in  thes? 
analyses  because  of  the  extremely  small  number  of  abnormalities  observed  in 
both  the  Ranch  Hand  and  Comparison  groups. 


Questionnaire  Data 

For  the  Interval  questionnaire*  each  participant  vas  asked  to  update  his 
health  history  for  neurologic  conditions  occurring  between  1982  and  1985.  All 
affirmative  histories  vere  subjected  to  medical  record  verification,  and 
appropriate  ICD-9-CM  coding.  All  verified  neurological  diseases  vere  placed 
into  six  broad  disease  categories.  These  data  are  summarised  in  Table  11-2. 


TABLE  11-2. 

Unadjusted  Analysis  for  Verified  Neurological 
Disease  by  Group*— 1982-1985 

_ Group  Abnormalities _ 

Ranch  Hand  Comparison 

Disease  Category  Number  Percent  Number  Percent  Total  p-Value** 


Inflammatory  Diseases 

0 

0.0 

0 

0.0 

0 

— 

Hereditary  and 

Degenerative  Diseases 

2 

0.2 

0 

0.0 

2 

0.194 

Peripheral  Disorders 

18 

1.8 

27 

2.1 

45 

0.651 

Disorders  of  the  Bye 

5 

0.5 

7 

C.5 

12 

0.999 

Disorders  of  the  Bar 

6 

0.6 

7 

0.5 

13 

0.999 

Other  Disorders 

8 

0.8 

3 

0.2 

11 

0.069 

*Based  on  1*016  Ranch  Hands  and  1*293  Comparisons;  some  participants  may  be 
classified  in  more  than  one  category. 


**Fisher's  exact  test 


All  of  those  analyses  vere  based  on  very  small  numbers  of  abnormalities, 
but  none  of  the  six  general  disease  categories  shoved  statistically  signif¬ 
icant  differences  betveen  groups,  although  the  marginal  significance  of  the 
Other  Disorders  category  is  of  interest. 

To  determine  vhether  lifetime  differences  in  neurologic  disease  exist 
betveen  the  Ranch  Band  and  Comparison  groups,  verified  follovup  data  vere 
combined  vith  verified  Baseline  historical  data.  This  tabulation  is  presented 
in  Table  11-3. 


TABLE  11-3. 

Unadjusted  Analysis  for  Verified  Neurological 
Disease  by  Group* — Baseline  and  First  Follovup  Studies  Combined 


_ Group  Abnormalities _ 

Ranch  Hands  Comparisons 

Disease  Category  Number  Percent  Number  Percent  Total  p-Value** 


Inflammatory  Diseases 

3 

0.3 

2 

0.2 

5 

0.660 

Hereditary  and 

Degenerative  Diseases 

2 

0.2 

3 

0.2 

5 

0.999 

Peripheral  Disorders 

23 

2.3 

38 

2.9 

61 

0.361 

Disorders  of  the  Eye 

16 

1.6 

23 

1.8 

39 

0.747 

Disorders  of  the  Ear 

24 

2.4 

29 

2.2 

53 

0.889 

Other  Disorders 

15 

1.5 

14 

1.1 

29 

0.453 

*Based  on  1,016  Ranch  Hands  and  1,293  Comparisons;  some  participants  may  be 
classified  in  more  than  one  category. 

**Fisher's  exact  test. 


Like  the  follovup  data,  the  combined  data  revealed  no  statistically 
significant  differences  in  any  disease  category.  Also,  there  vas  no  signif¬ 
icant  difference  in  patterns  of  disease  for  each  group  (p-0.721) „ 


Physical  Examination  Data 


Dependent  Variable  and  Covariate  Relationships:  Cranial  Nerve  Function, 
Peripheral  Nerve  Status,  and  Central  Nervous  System  Coordination 

Responses  from  both  groups  vere  combined  and  analyzed  vith  the  six 
covariates.  In  addition,  current  drinking  (yes/no)  and  lifetime  history  of 
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unprotected  exposure  to  industrial  and  degreasiug  chemicals  (yes/no)  vere  also 
evaluated.  Indices  constructed  from  dependent  variables  from  the  cranial 
nerve  function  and  central  nervous  system  coordination  processes  vere  also 
included.  A  summary  tabulation  of  covariate  associations  is  shovn  in 
Table  11-4.  The  10  variables  in  this  table  include  variables  from  the 
peripheral  nerve  status  and  CNS  process  as  veil  as  the  cranial  nerve  function 
and  constitute  the  subset  of  variables  for  vhi^h  adjusted  analyses  vere 
performed. 

These  results  generally  shoved  the  profound  association  of  classical  risk 
factors  for  neurological  deficits.  Increases  in  the  percentages  of  abnormal¬ 
ities  for  Achilles  reflex,  muscle  status,  neck  range  of  motion,  and  the 
cranial  nerve  function  index  (vhich  included  neck  range  of  motion)  vere 
associated  vith  increases  in  age.  Increasing  percentages  of  abnormalities  for 
pin  prick  and  light  touch  vere  noted  for  increasing  age  from  the  young 
category  (3.4%  and  2.7%  for  pin  prick  and  light  touch,  respectively)  to  the 
middle-aged  category  (8. IX  and  4. 72,  respectively),  but  a  declining  proportion 
of  abnormalities  vas  observed  from  the  middle-  to  older-age  categories  (7.3% 
and  1.2%,  respectively).  No  age  effect  war  noted  for  gait,  the  CNS  index,  the 
cranial  nerve  index  (neck  range  of  motion  excluded),  and,  surprisingly,  for 
tremor. 

Race  vas  not  a  significant  covariate  for  any  dependent  variable.  A 
significant  occupational  effect  vas  observed  for  the  CNS  summary  index 
(p«-0.021 ,  vith  both  enlisted  categories  having  a  higher  frequency  of 
abnormalities  [5.7%  and  4. IX  for  enlisted  flyers  and  enlisted  groundcrev, 
respectively]  than  the  officer  category  [2.6%])  and  for  the  neck  range  of 
motion  variable  (p»0.010,  vith  increasing  proportions  of  abnormalities  from 
the  enlisted  groundcrev  [4.6%]  to  officers  [7.5X]  to  enlisted  flyers[8.0%J). 

Abnormalities  in  the  Achilles  tendon  reflex  vere  related  to  a  graduated 
increase  in  drink-years  of  alcohol.  For  the  variables  of  pin  prick,  light 
touch,  muscle  status,  neck  range  of  motion,  and  cranial  nerve  index  (vith  neck 
range  of  motion  Included),  the  0  drink-year  category  vas  related  to  a  higher 
frequency  of  abnormalities  than  the  greater  than  0  to  50  drink-year  category, 
vhich  in  turn  vas  associated  vith  a  lover  frequency  of  abnormalities  than  the 
greater  than  50  drink-year  category.  For  the  current  drinker  (vhich  vas  not 
used  for  modeling),  the  percentage  of  abnormalities  for  Achilles  reflex  and 
gait  vas  significantly  greater  (p-0.007  and  p«0.001  for  Achilles  reflex  and 
gait,  respectively)  for  current  nondrinkers  than  for  current  drinkers.  This 
relationship  vas  reversed  for  the  CNS  summary  index. 

For  both  the  Achilles  tendon  reflex  and  the  response  to  pin  prick,  the 
frequencies  of  abnormalities  significantly  increased  from  the  diabetic 
classes  of  normal  to  impaired  to  diabetic  (p<0.001  for  both  variables).  For 
the  variables  of  light  touch,  muscle  status,  gait,  and  CNS  summary  index,  the 
associations  vith  diabetic  status  vere  mixed:  The  normal  diabetic  class  had  a 
higher  proportion  of  abnormalities  than  the  impaired  stratum  vhich.  in  turn, 
had  a  lover  proportion  of  abnormalities  than  the  overtly  diabetic  class. 
Unexpectedly,  the  pioportion  of  tremor  abnormalities  vas  highest  for  the 
normal  diabetic  class  and  became. successively  lover  in  the  impaired  and 
diabetic  strata  (2.48%,  0.45%,  and  0%,  respectively). 

A  higher  proportion  of  pin  prick  abnormalities  vas  associated  vith  a 
history  cf  unprotected  exposure  to  insecticides  (p-0.040?  6.94%  for  exposed 
versus  4.8%  for  unexposed).  The  other  dependent  variables  vere  not 
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significantly  affected  by  the  insecticide  covariate.  For  most  dependent 
variables ,  both  Ranch  Hands  and  Comparisons  exposed  to  degreasing  or 
industrial  chemicals  exhibited  a  smaller  percentage  of  abnormalities  than 
participants  without  exposure.  Because  the  biologic  basis  of  these  findings 
is  not  readily  apparent,  these  tvo  variables  vere  not  used  as  adjusting 
covariates. 


Cranial  Nerve  Function 

All  12  cranial  nerves  vere  assessed  as  unilateral  or  bilateral;  these 
unadjusted  data  are  presented  in  Table  11-5.  All  bilateral  assessments  (e.g., 
right  visual  field,  left  visual  field)  vere  combined  for  the  analyses;. an 
abnormality  consisted  of  a  right  and/or  a  left  abnormality. 

The  analysis  of  the  12  variables  and  tvo  cranial  nerve  function  summary 
indices  did  not  reveal  statistically  significant  group  differences.  Since  no 
abnormalities  are  present  for  the  variables  of  speech  and  tongue  position  in 
the  Comparison  group,  the  estimated  relative  risk  for  these  variables  vas 
approximated  by  adding  0.5  to  each  cell.  The  lov  frequency  of  abnormal  counts 
in  all  variables,  except  neck  range  of  motion,  contrasts  vith  the  1982 
Baseline  findings,  vhich  found  substantially  more  abnormalities.  For  example, 
ocular  movement  vas  recorded  as  abnormal  in  more  than  30  percent  of  the 
participants  at  Baseline  vhile  only  0.7  percent  of  participants  vere  found  to 
be  abnormal  at  follovup. 

Because  of  the  fev  abnormalities  for  all  variables  except  neck  range  of 
motion,  two  summary  indices  of  cranial  nerve  function  vere  constructed.  One 
indicated  vhether  or  not  a  participant  i3  abnormal  for  any  of  the  15  vari¬ 
ables,  vhile  the  other  vas  a  composite  for  all  except  neck  range  of  motion. 

The  analyses  of  these  indices  are  reflected  in  Table  11-5,  and  shoved  no 
statistically  significant  group  differences,  although  -the  index  excluding  neck 
range  of  motion  is  of  borderline  significance.  Speech  and  tongue  position 
relative  to  midline  vere  also  of  borderline  significance,  although  the 
analysis  vtis  affected  by  sparse  numbers  of  abnormalities.  The  constructed 
indices  are  presented  more  for  the  purpose  of  inspection  than  for  inference 
making. 

Because  of  sparse  numbers  of  abnormalities,  adjusted  analyses  vere 
performed  only  on  the  variable  neck  range  of  motion  and  the  cranial  nerve 
function  summary  indices,  vith  and  vithout  neck  range  of  motion  data.  The 
results  of  these  analyses  are. given  in  Table  11-6. 

None  of  the  results  vere  statistically  significant,  although  the  cranial 
nerve  function  index,  vithout  neck  range  of  motion,  vas  marginally  significant 
(p-0.061)  vhen  participants  vith  missing  drink-years  vere  included.  In  the 
primary  adjusted  analysis  for  this  variable,  drink-years  vas  included  in  a 
significant  covariate  interaction.  Hovever,  an  alternative  model  vas  also 
examined  that  included  participants  vith  missing  drink-years  due  to  the 
disparity  in  group  response  for  these  participants  (4  out  of  39  Ranch  Hands 
abnormal,  0  out  of  40  Comparisons  abnormal).  The  results  of  these  adjusted 
analyses  are  nearly  identical  to  the  unadjusted  analyses  (see  Table  11-5).  A 
borderline  significant  result  of  a  group  (GRP)-by-age  interaction  (p*0.0501) 
for  neck  range  of  motion  existed,  end  an  additional  analysis  stratifying  by 
age  i3  provided  in  Table  11-7.  This  table  presents  the  results  of  interaction 
analyses  from  variables  assessing  the  peripheral  nerve  status  and  central 
nervous  .system  coordination  process  as  veil. 
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TABLE  11-5, 


ttwjjusted  Analyses  for  Cfarial 
Nerve  Ftmctian  fay  Group 


Group 


Raich  Bend 

Ooapariscn 

Cranial 

Est.  Relative 

Variable 

Nave 

Statistic 

Nutter 

Percent 

Nunter 

Ferceit 

Risk  (95*  C.I.)  p-Value 

Smell 

I 

n 

1,016 

1,292 

Olfactory 

Abnormal 

10 

1.0 

10 

0.8 

1.27  (0.53,3.07)  0.654 

Normal 

1,006 

>9.0 

1,282 

99.2 

Visual 

n 

n 

1,016 

1,292 

Fields 

Optic 

Abnormal 

6 

0.6 

6 

0.5 

1.27  (0.41,3.96)  0.774 

Normal 

1,010 

99.4 

1,286 

99.5 

light 

m 

n 

1,015 

1,289 

Reaction 

Oculomotor 

Abnormal 

8 

0.8 

9 

0.7 

1.13  (0.43,2.94)  0.811 

Normal 

1,007 

99.2 

1,280 

99.3 

m 

n 

1,016 

1,292 

Oculomotor 

Abnormal 

6 

0.6 

10 

0.8 

0.76  (0.28,2.10)  0.801 

Ocular 

IV 

Normal 

1,010 

99.4 

1,282 

99.2 

Movements 

Trochlear 

VI 

Abducens 

• 

Facial 

V 

n 

1,014 

1,290 

Sensation 

Trigwdnal 

Abnormal 

4 

0.4 

2 

0.2 

2.55  (0.47,13.95)  0.415 

Normal 

1,010 

99.6 

1,288 

99.8 

Jaw 

V 

n 

1,016 

1,292 

Clench 

Trigeminal 

Abnormal 

2 

0.2 

2 

0.2 

1.27  (0.18,9.05)  0.999 

Normal 

1,014 

99.8 

1,290 

99.8 

9nile 

vn 

n 

1,016 

1,292 

Facial 

Abnormal 

7 

0.7 

4 

0.3 

2.23  (0.67,7.41)  0.230 

Normal 

1,009 

99.3 

1,288 

99.7 

Palpebral 

vn 

n 

1,015 

1,292 

Fissures 

Facial 

Abnormal 

7 

0.7 

7 

0.5 

1.28  (0.45,3.65)  0.789 

Normal 

1,008 

99.3 

1,285 

99.5 

Balance 

vm 

n 

'1,015 

1,292 

Acoustic 

Abnormal 

2 

0.2 

1 

.  0.1 

2.55  (0.23,28.15)  0.586 

Normal. 

1,013 

99.8 

1,291 

99.9 
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MS  U-5.  (oontiond) 


Iterated  Analyses  foe  Qanial 
Nerve  Ruction  by  Grcxv 


Gray 


Ranch  Hand  Ocgarison 


triable 

Cranial 

Nerve 

Statistic 

Mater 

Percent 

Mater 

Percent 

Est.  Relative 
Risk  (95X  C.I.) 

p-7alue 

Gag 

Reflex 

n 

Glosso- 

pharyngeal 

n 

Abnormal 

Normal 

1,014 

1 

1,013 

0.1 
•  99.9 

1,291 

1 

1,290 

0.1 

99.9 

1.27  (0.08,20.38) 

0.999 

Speech 

X 

Vagus 

n 

Abnormal 

Normal 

1,016 

3 

1,013 

0.3 

99.7 

1,291 

0 

1,291 

0.0 

100.0 

8.92  (0.46,172.89)“ 

0.085 

Tongue 
Position 
Relative 
to  Midline 

X 

Vagus 

n 

Abnormal 

Nanmu 

1,015 

3 

1,012 

0.3 

99.7 

1,292 

0 

1,292 

0.0 

100.0 

8.94  (0.46,173.19)“ 

0.085 

Palate 

and 

IMila 

Morvemoit 

XI 

Spinal 

Accessory 

n 

Abnormal 

Normal 

1,014 

2 

1,012 

0.2 

99.8 

1,291 

1 

1,290 

0.1 

99.9 

2.55  (0.23,28.16) 

0.586 

Neck 

Range 

of 

Motion 

xn  n 

Hypoglossal  Abnormal 
Normal 

1,016 

61 

955 

6.0 

94.0 

1,292 

84 

1,203 

6.5 

93.5 

0.92  (0.65,1.29) 

0.666 

Cranial 

Nerve 

Function 

Index 

n 

Abnormal 

Normal 

1,003 

96 

907 

9.6 

90.4 

1,275 

115 

1,160 

9.0 

91.0 

1.07  (0.80,1.42) 

0.663 

Cranial 

Nerve 

Function 

Index 

(Node.  Range  of 

Motion  Excluded) 

n 

Abnormal 

Normal 

1.003 

42 

961 

4.2 

95.8 

1,275 

35 

1,240 

2.7 

97.3 

1.55  (0.98,2  44) 

0.062 

“Estimated  relative  risk  and  9 K  confidence  interval  calculated  after  adding  0.5  to  tach  cell. 
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Hjqrtri  taJyw  far  Salactad  Variables  of  Crinlal. 
Ihm  taction  tgr  Group 


Rich  Hid  Qapariacn 

Bit.  Ralative  Covariate 


Variabla 

Statistic 

Nkafear  Paroart 

Number  Paroait 

Riak(95X  C.I.)  p-Value 

Bcaarks* 

Nsek 

n 

1,016 

1,292 

0.90  (0.63,1.27)  0.531 

A£3S(pO,001) 

Range  of 

Abnormal 

61 

6.0 

84 

6.5 

GRP*AGE 

Hoticn 

fcoml 

955 

94.0 

1,208 

93.5 

(CBKginal:p^).0C01) 

Cranial 

n 

1,003 

1,275 

1.07  (0.80,1.42)  0.666 

AGB(p<D.001) 

Narvm 

Abnormal 

96 

9.6 

115 

9.0 

taction 

Inter 

Normal 

907 

90.4 

1,160 

91.0 

Cranial 

n 

964 

1,232 

1.42  (0.88,2.30)  0.153 

DIAB*II6(p4).022) 

Nate 

Abnormal 

38 

3.9 

34 

2.8 

OOC*nm(p4.011) 

taction 

Intel 

Normal. 

926 

96.1 

1,198 

97.2 

CO>OIAB(  p-0.015) 

(Nack 

Altanmtive  Nodal- 

-Includes  Hissing  Drink-Tsar  Participants  ' 

Rang*  of 
Notion 

n 

1,000 

1,271 

1.56  (0.98,2.49)  0.061 

MAB*IN5(j>«0.017) 

Socliriad) 

Abnormal 

42 

A.2 

34 

2.7 

OODMXAB(p4).016) 

Normal 

961 

95.8 

1,237 

97.3 

*Abbr«wiatlcns: 

GRP:  group 
DEAB:  diabetic  class 
INS:  insacticidt  axposure 
OOC:  occupation 
IfKZR:  drink-ytars 

*Lifatime  alcohol  oansuaption  (total  drirk-ymars)  not  usad  as  a  oovariata. 

*79  alasing  drink-year  participants:  4/39  Ranch  Raids  abnormal}  0/40  Caparisons  abnormal. 
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SuMy  IktoLe  of  Qcoi^qMbwriats  Interactions  for  Nsurokcical  Wdto 

_ _ (koto _ 


Bwch  Drti  Ooap*-,ylscns 

Adj.  Rtlativ* 

Wriablc  Interaction  Stratification  Statistic  Mate  Ptaxsnt  Mater  Parent  Risk  (95X  C.I.)  p-Valut 


n 

412 

549 

Bom  £  1942 

Afanooal 

10 

2.4 

5 

0.9 

3.03  (1.02,9.00) 

0.045 

Nomal 

402 

97.6 

544 

99.1 

M _ 1-  ** - 

MCK  Iwgl 

Grap-by- 

Bom  1923-1941 

n 

368 

693 

of  Notion 

Age 

Afanocml 

47 

8.3 

70 

10.1 

0.82  (0.55,1.21) 

0.319 

Nanai 

521 

91.7 

623 

89.9 

n 

36 

50 

Bom  £  1922 

Afanonal 

4 

11.1 

9 

18.0 

(0.55  (0.16,1.97) 

0.361 

Nocml 

32 

8B.9 

41 

82.0 

n 

76 

94 

Abnoml 

Afanocml 

13 

17.1 

10 

10.6 

1.74  (0.71,4.24) 

0.223 

Nocml 

63 

£2.9 

84 

S9.4 

Pin  Prick 

Group-by- 

Iapairad 

n 

105 

174 

Dietetic 

Afanonal 

1 

1.0 

16 

9.2 

0.09  (0.01,0.69) 

0.021 

Class 

Nocml 

104 

99.0 

158 

90.8 

Nocml 

n 

822 

1,005 

Afanonal 

45 

5.5 

53 

5.3 

1.02  (0.68,1.54) 

0.920 

Nanai 

777 

94.5 

952 

94.7 

Exposed  to 

n 

703 

683 

Insacticides 

Afanonal 

22 

3.1 

8 

1.2 

2.60  (1.15,5.90) 

0.022 

Nocml 

681 

96.9 

675 

98.8 

Tnax 

Group-by- 

Inasctiridaa 

Exposure 

Not  Btpoaad 

n 

313 

605 

to  Inssctidde 

Afanonal 

4 

1.3 

11 

1.8 

0.69  (0.22,2.19) 

0.532 

Nocml 

309 

98.7 

594 

98.2 
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Th«  stratified  analysis  for  neck  range  of  motion  shoved  a  higher  propor¬ 
tion  of  younger  Ranch  Bands  vith  neck  range  of  notion  abnormalities  than 
younger  Comparisons  (p-0.045) *  Although  not  statistically  significant, 
aiddle-aged  and  older  Comparisons  had  higher  proportions  of  abnormalities  than 
did  the  Ranch  Hands. 


Peripheral  Nerve  Status 

Peripheral  nerve  integrity  vas  assessed  by  light  pin  prick,  light  touch 
(cotton  sticks),  visual  inspection  (and  palpation,  if  indicated)  of  muscle 
mass,  vibratory  sensation  as  measured  at  the  ankle  vith  a  tuning  fork  of 
128  Hz,  three  deep  tendon  reflexes  (patellar,  Achilles,  and  biceps),  and  the 
Babinski  reflex.  The  unadjusted  analyses  are  given  in  Table  11-8*  As  noted 
previously,  the  analyses  of  pin  prick,  light  touch,  and  vibratory  sensation 
excluded  the  29  participants  vith  peripheral  edema.  These  results  shoved  that 
peripheral  nerve  function  did  not  vary  significantly  by  group. 

Adjusted  analyses  vere  performed  by  logistic  regression  on  four  periph- 
sral  nerve  variables.  The  other  variables  had  relatively  sparse  numbers  of 
abnormalities.  The  covariates  vere  age,  race,  occupation,  drink-years  of 
alcohol,  diabetic  class,  and  exposure  to  insecticides.  These  statistics  are 
displayed  in  Table  11-9. 

For  the  variables  light  touch,  muscle  status,  and  the  Achilles  reflex, 
group  differences  vere  nonsignificant;  the  results  vere  nearly  identical  to 
the  unadjusted  analyses.  For  the  variable  pin  prick,  hovever,  a  significant 
group-by-diabetlc  class  Interaction  (p-0.003)  vas  observed.  This  interaction 
vas  explored  and  the  results  are  depicted  in  Table  11-7.  As  shovn,  the 
interaction  suggests  a  difference,  due  to  a  lover  proportion  of  abnormal 
pin-prick  results  in  Ranch  Hand  impaired  diabetics  than  in  Comparisons  (Adj. 
RR:  0.09,952  C.I.t  [0.01,0.69],  p«0.021),  vhereas  both  the  abnormal  and  normal 
diahetic  classes  shoved  no  significant  group  differences. 


Central  Nervous  System  Coordination 

CNS  coordination  vas  evaluated  clinically  vith  four  variables:  hand 
tremor,  rapid  finger- to-nose  coordination,  one-foot  standing  balance  (modified 
Romberg  sign),  and  observation  of  gait  for  at  least  10  steps.  In  addition,  a 
constructed  variable,  the  CNS  summary  index,  vas  derived  by  summarising 
abnormalities  from  all  four  CNS  variables.  The  unadjusted  analyses  of  these 
five  variables  are  shovn  in  Table  11-10. 

These  results  revealed  no  statistically  significant  group  differences  for 
the  four  primary  CNS  variables,  although  the  borderline  significance  of 
tremor,  vith  a  higher  proportion  of  abnormalities  in  the  Ranch  Bands,  is 
interesting.  The  statistical  power  to  detect  a  given  relative  risk  vas  poor 
because  of  the  small  percentages  of  abnormalities.  The  CNS  summary  index  vas 
statistically  significant,  vith  Ranch  Hands  manifesting  a  higher  proportion  of 
abnormalities;  this  result  should  be  interpreted  vith  caution,  hovever,  since 
this  index  vas  constructed  after  the  data  vere  examined.  Three  of  the  five 
variables  vith  sufficient  proportions  of  abnormalities  vere  adjusted  by  six 
covariates,  and  these  results  are  summarized  in  Table  11-11. 
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TABLE  11-8. 


Unadjusted  Analyses  for  Peripheral  Nerve  Function  by  Group 


Group 


Ranch 

Hand 

Coaparison 

Variable 

Statistic 

Nuaber 

Percent 

Nuaber 

Percent 

Bst.  Relative 

Risk  (95X  C.I.)  p-Value 

Pin  Prick 

n 

Abnormal 

Noraal 

1,003 

59 

944 

5.9 

94.1 

1,276 

80 

1,196 

6.3 

93.7 

0.93  (0.66,1.32)  0.725 

Light 

Touch 

♦ 

n 

Abnormal 

Noraal 

1,003 

38 

965 

3.8 

96.2 

1,276 

47 

1,229 

3.7 

96.3 

1.03  (0.67,1.59)  0.912 

Muse ie 
Status 

n 

Abnormal 

Norsnsl 

1,016 

26 

990 

2.6 

97.4 

1,292 

33 

1,259 

2.6 

97.4 

1.00  (0.60,1.69)  0.999 

Vibratory 

Sensation 

n 

Abnoraal 

Noraal 

1,003 

li 

992 

1.1 

98.9 

1,276 

10 

1,266 

0.8 

99.2 

1.40  (0.59,3.32)  0.510 

Patellar 

Reflex 

n 

Abnoraal 

Noraal 

1,016 

11 

1,005 

1.1 

98.9 

1,290 

16 

1,274 

1.2 

98.8 

0.87  (0.40,1.89)  0.846 

Achilles 

Reflex 

n 

Abnoraal 

Noraal 

1,009 

58 

951 

5.7 

94.3 

1,284 

75 

1,209 

5.8 

94.2 

0.98  (0.69,1.40)  0.999 

Biceps 

Reflex 

n 

Abnoraal 

Noraal 

1,016 

9 

1,007 

0.9 

99.1 

1,292 

10 

1,282 

0.8 

99.2 

1.15  (0.46,2.83)  0.819 

Babinski 

Reflex 

n 

Abnoraal 

Noraal 

1,011 

4 

1,007 

0.4 

99.6 

1,287 

5 

1,282 

0.4 

99.6 

1.02  (0.27,3.80)  0.999 

THE  11-9. 

/dktr-  hmiyma  far  Salacted  VariaBaa  of 
B^phnl  MM  Auction  ty  ®QM? 


5SE 


feriafcla 


Statistic 


— och  lad 
Mate  taroant 


Oggrigw 
Mata:  Eanant 


Adj.  Salstiva 
Sisk  (95*  C.I.) 


p-VSlus 


Oovariata 

Harks 


Pin  Prick 

n 

1,003 

Mmonal 

59 

3.9 

Nasal 

9*4 

94.1 

Li#it 

n 

96* 

tbuch 

Abnoral 

37 

3.8 

Nonal 

927 

96.2 

Muscle 

n 

977 

Status 

Atsmaal 

25 

2.6 

tonal 

952 

97.4 

Achillas 

n 

971 

Rsflac 

Abnonal 

56 

5.8 

Nonal 

915 

94.2 

1,273 

79 

1,194 

6.2 

93.8 

****  **** 

1,236 

*6 

1,190 

3-7 

96.3 

1.02  (0.65,1.60)  0.921 

1,248 

31 

1,217 

2.5 

97.5 

1.00  (0.57,1.75)  0.999 

1,240 

71 

1,169 

5.7 

9T.3 

1.00  (0.69,1.45)  0.999 

GSP*DIAB(  p-0.003) 
AGB(p40.OQl) 


OGOMCE(p-0.013) 
A*(p4).043) 
mOR(  p-0.031) 

BVOSt*AGS(p»0.009) 

DIAB*BG(j>0.039) 


mOR*OOC(p-O.Ol6) 

AGE<p<fl.OCn) 

DIAB(c0.001) 


MrM&ot^y^owariata  intasactian— adjustad  relative  risk,  confida**  interval,  aid  p-vtu*  art  not 
praantad. 


11-16 


TABLE  11-10. 

Unadjusted  Analyses  for  CMS  Coordination  Variables  by  Group 


Group 


Ranch  Hand 

Comparison 

Variable 

Statistic 

Number 

Percent 

Number 

Percent 

Est.  Relative 
Risk  (95X  C.I.)  - 

(-Value 

Tremor 

n 

Abnormal 

Normal 

1,016 

26 

990 

2.6 

97.4 

1,292 

19 

1,273 

1.5 

98.5 

1.76 

(0.97,3.20) 

0.069 

Coordination 

n 

Abnormal 

Normal 

1,015 

9 

1,006 

0.9 

99.1 

1,292 

7 

1,285 

0.5 

99.5 

1.64 

(0.61,4.43) 

0.327 

Romberg 

Sign 

n 

Abnormal 

Normal 

1,015 

2 

1,013 

0.2 

99.8 

1,292 

1 

1,291 

0.1 

99.9 

2.55 

(0.23,28.15)  0.586 

Gait 

n 

Abnormal 

Normal 

1,016 

20 

996 

2.0 

98.0 

1,290 

16 

1,274 

1.2 

98.8 

1.60 

(0.82,3.10) 

0.178 

CNS 

Summary 

Index 

n 

Abnormal 

Normal 

1,015 

48 

967 

4.7 

95.3 

1,290 

39 

1,251 

3.0 

97.0 

1.59 

(1.04,2.45) 

0.036 
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mu  li-ii. 


A$umtad  fitlyn  for  Selected  Vnrimblas  of 
06  Cbordimtion  by  Gfcwp 


Group 


R«h  Hgjd  Oawurlson 

Adj.  Relative  Oovanate 


Variable 

Statistic 

Number 

Percent 

Number  Percent 

Risk  (95X  C.I.) 

p-  Value 

* - » - «- 

NWKST* 

Treaor 

n 

1,016 

1,288 

GHP*1NS 

1: 

Abnormal 

26 

2.6 

19 

1.5 

1.70  (0.93,3.09) 

0.080 

(marginal  :p-0.U55) 

Normal 

9*30 

97.4 

1,269 

98.5 

DIAB(p-0.001) 

Gait 

n 

377 

1,246 

DIAB(p4).OaO) 

Abnormal 

20 

2.0 

15 

1.2 

1.74  (0.88,3.47) 

0.110 

EWOR*716(p4).C47) 

Normal 

957 

96.0 

1,231 

98.8 

06 

n 

1,015 

1,286 

DIAB(ixO.C03) 

Simaary 

Abnormal 

48 

4.7 

38 

3.0 

1.57  (1.01,2.43) 

0.042 

0CC(pu0.018) 

Index 

Normal 

967 

95.3 

1,248 

97.0 

These  statistics  were  quite  siailar  to  the  unadjusted  tests,  and  shoved 
borderline  significance  for  tremor,  nonsignificance  for  gait,  and  significance 
for  the  CNS  summary  index.  The  unexpected  inverse  relationship  of  tremor 
abnormalities  to  diabetic  classification  is  again  noted.  The  borderline 
group-by-insecticide  interaction  vas  investigated,  and  the  results  are  given 
in  Table  11-7.  As  shovn,  the  relative  risk  for  Ranch  Hands  exposed  to 
insecticides  vas  statistically  significant  (RR:  2.60,  95X  C.I.:  ;i. 15,2.90], 
p-0.022),  vhereas  the  relative  risk  for  unexposed  Ranch  Hands  vas  nonsignifi¬ 
cant.  This  finding  nay  have  both  mn  operational  vid  biologic  foundation, 
because  "ecords  indicate  that  some  Ranch  Hands  vere  troosed  to  the  insecticide 
Malathior.*,  a  cholinesterase  inhibitor,  during  insecticide  missions  for 
malaria  prevention.  Comparisons,  by  definition,  did  not  fly  these  missions. 


EXPOSURE  INDEX  ANALYSES 

Exposure  index  analyses  vere  conducted  vithin  each  occupation  cohort  of 
the  Ranch  Hand  group  to  search  for  dose-response  relationships  (see  Chapter  8 
for  details  on  the  exposure  index).  All  27  variables  and  three  summary 
indices  vere  explored  (unadjusted  for  any  covariates)  as  vith  the  unadjusted 
tests  for  group  differences  discussed  previously  in  this  chapter.  These 
variables  vere  investigated  using  Pearson's  chi-square  test  and  Fisher's  exact 
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test.  Adjusted  analyses  vere  performed  by  logistic  regression  for  the 
10  variables  (7  neurological  parameters  and  3  sumary  indices)  for  vhich 
adjusted  analyses  of  group  differences  vere  previously  examined.  These 
analyses  vere  accoapl ished ,  adjusted  for  Age,  diabetic  class,  insecticide 
exposure,  and  drink-years  (all  discretised),  and  any  significant  pairvise 
interactions  betveen  the  exposure  index  and  these  covariates.  Race  vas  not 
included  in  adjusted  analyses  because  of  the  absence  of  any  race  effect  in  the 
previous  group  difference  analyses.  Overall  significance  in  the  proportion  of 
abnormalities  among  the  exposure  index  levels  of  lov,  nediua,  and  high  vas 
determined,  as  veil  as  contrasts  in  the  proportion  of  abnormalities  oetveen 
the  medium  and  lov  exposure  levels,  and  betveen  the  high  and  lov  exposure 
levels.  Exclusions  vere  Bade  as  described  previously. 

Results  of  the  adjusted  analysis  are  presented  in  Table  11-12,  and 
results  for  unadjusted  analyses  appear  in  Table  1-1  of  Appendix  I.  Results 
froa  further  study  of  exposure  index-by-covarixi*  Interactions  are  given  in 
Table*  1-2  of  Appendix  I. 

Unadjusted  analyses  revealed  borderline  significant  differences  among 
exposure  index  levels  for  pin  prick  in  enlisted  pre unde rev  (p-0.052)  and 
Achilles  reflex  in  enlisted  flyers  (p»0.059)<  The  data  did  not  support  an 
increase  in  the  proportion  of  abnormalities  vith  increasing  exposure  levels, 
hovever. 

Adjusted  analyses  yielded  similar  conclusions,  in  that  significant  or 
borderline  significant  results  did  not  support  an  increase  in  the  proportion 
of  abnormalities  vith  increasing  exposure,  and  that  very  fev  significant 
results  vere  observed.  The  pattern  of  abnormalities  vith  the  10  variables  vas 
studied,  and  in  no  occupational  strata  vas  an  increasing  dose-response 
relationship  evident.  In  fact,  the  high  exposure  level  often  had  a  smaller 
(although  nonsignificant)  proportion  of  ^onoraalities  than  the  lov  and  aedium 
levels . 

Interactions  vere  present  for  i>  of  the  10  variables,  and  occurred  pri¬ 
marily  in  the  enlisted  groundcrev  stratum.  A  summary  of  these  interactions  is 
presented  in  Table  11-13. 

Meaningful  interpretation  of  the  interactions  vas  difficult,  due  to  the 
small  numbers  of  abnormalities  vithin  a  covariate  strata.  No  significant 
adverse  effects  to  participants  vith  higher  exposure  levels  vere  evident, 
hovever,  in  this  analysis. 

In  summary,  no  evidence  of  an  increasing  dose-response  relationship  at 
the  follovup  examination  vas  observed.  No  increase  in  prevalence  rates  vas 
seen  as  exposure  levels  increased.  These  results  essentially  vere  in 
agreement  vith  the  findings  of  the  Baseline  Study. 


TABLE  11-12. 

Adjusted  Exposure  Index  Analyses  for  neurological  Variables  by  Occupation 
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TABLE  11-12.  (continue*)) 
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Groundccev  M  vs.  L  0.86  (0.32,2.34)  0.765 

H  vs.  L  0.28  (0.07,1.07)  0.062 


TABLE  11-12.  (continued) 
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Adjusted  Exposure  Index  An&lyses  for  Neurological  Variables  by  Occupation 
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Groundcrev  M  vs.  L  0.91  (0.22 ;3.66)  0.889 

H  vs.  L  0.28  (0.03,2.44)  0.248 


TABLE  11-12.  (continued) 
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TABLE  11-13. 


•  Summary  of  Exposure  Index-by -Co variate 
Interactions  for  Neurological  Variables 


Variable 

Occupation 

Covariate 

p-Value 

CNF  Summary  Index 

Enlisted 

Groundcrev 

Diabetic  Class 

0.045 

Light  Touch 

Enlisted 

Flyer 

Insecticide  Exposure 

0.026 

Muscle  Status 

Enlisted 

Groundcrev 

Age 

0.026 

Achilles  Reflex 

Enlisted 

Groundcrev 

Age 

0.014 

CHS  Summary  Index 

Enlisted 

Groundcrev 

Insecticide  Exposure 

0.010 

LONGITUDINAL  ANALYSES 

Two  variables,  the  modified  Ronberg  sign  and  the  Babinski  reflex,  were 
investigated  to  assess  longitudinal  differences  between  the  1982  Baseline 
exaaination  and  the  1985  followup  exaaination.  Both  variables  were  classified 
as  abnormal  or  normal.  As  shown  In  Table  11-14,  2x2  tables  were  constructed 
for  each  group  for  each  variable.  This  table  shows  the  number  of  participants 
who  were  abnormal  at  the  Baseline  examination  and  abnormal  at  the  followup 
examination,  abnormal  at  Baseline  and  normal  at  the  followup,  normal  at 
Baseline  and  abnormal  at  the  followup,  and  normal  at  both  Beseline  and  the 
followup.  The  cids  ratio  is  the  ratio  of  the  number  of  participants  who  vere 
normal  at  Baseline  and  abnormal  at  the  followup  to  the  number  of  participants 
who  were  abnormal  at  Baseline  and  normal  at  the  followup  (the  "off-diagonal" 
elements).  The  p-vulue  was  derived  from  Pearson's  chi-square  test  of  the 
hypothesis  that  there  was  comparable  change  in  the  two  groups  over  time. 

These  data  showed  no  longitudinal  difference  in  the  change 'pattern  in  the 
Ronberg  sign  in  the  two  groups,  but  they  did  show  a  significant  change  in  the 
Babinski  reflex.  In  the  Baseline  examination,  the  Ranch  Bands  had  a  signif¬ 
icantly  greater  proportion  of  reflex  abnormalities  than  the  Comparisons,  but 
the  followup  examination  shoved  approximately  the  same  percentage  of  abnor¬ 
mality  in  both  groups  (Bst.RR:  1.02,  95X  C.I.:  [0.27,3.80,  p»Q,999]). 


SUMMARY  AND  CONCLUSIONS 

Interval  questionnaire  data  (1982  through  1985)  on  neurological  ill¬ 
nesses,  verified  by  medical  records,  revealed  no  significant  group  differ¬ 
ences.  These  data  vere  added  to  verified  Baseline  historical  information  to 
■?ess  possible  differences  in  the  lifetime  experience  of  neurological 
jease.  Again,  there  was  no  significant  difference  between  the  Ranch  Band 
and  Comparison  groups. 
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TABLE  11-14 


Longitudinal  Analysis  of  Roabarg  Sign  and  Babinski  Reflex: 

A  Contrast  of  Baseline  and  First  Followup  Bxanination  Abporaaliti.es 


1985  Followup 
1982  Exam 


Baseline 

Odds 

p-Value 

Variable 

Group 

Exam 

Abnormal 

Normal 

Ratio  (OR)* 

(0Rrh  vs.  0Re 

Ranch 

Abnormal 

2 

188 

0 

Romberg 

Hand 

Normal 

0 

777 

Sign 

Comparison 

Abnormal 

0 

250 

0.004 

0.38 

Normal 

1 

886 

Ranch 

Abnormal 

1 

7 

0.43 

Babinski 

Hand 

Normal 

3 

953 

Reflex 

Comparison 

Abnoraal 

0 

1 

5.00 

0.04 

Normal 

5 

1,129 

*Odds  Ratio:  Number  Normal  Baseline,  Abnormal  Followup 
Nuaber  Abnormal  iaseline,  Normal  Followup. 


A  detailed  neurological  examination  evaluated  neurological  integrity  in 
three  broad  areas:  cranial  nerve  function,  peripheral  nerve  function,  and 
central  nervous  systen  (CNS)  coordination.  The  summary  analytic  results  for 
all  measurement  variables  conprising  these  three  functional  areas  are 
presented  in  Table  11-15. 

Assessment  of  the  12  cranial  nerves  vas  based  on  the  measurement  of 
14  variables.  Two  summary  indices  were  constructed.  Both  the  unadjusted  and 
adjusted  analyses  did  not  disclose  any  statistically  significant  group 
differences,  although  tvo  variables,  speech  and  tongue  position,  vere  of 
borderline  significance,  with  Ranch  Hands  faring  worse  than  Comparisons.  One 
of  the  two  cranial  nerve  summary  indices  vas  marginally  significant,  again 
vith  the  Ranch  Hands  at  a  slight  detriment. 

The  unadjusted  and  adjusted  analyses  of  peripheral  nerve  function,  as 
measured  by  eight  variables  (four  reflexes,  three  sensory  determinations,  and 
muscle  mass),  did  not  reveal  significant  group  differences. 

CNS  coordination  vas  evaluated  by  four  measurements  and  a  constructed 
summary  variable.  Hand  tremor  vps  found  to  be  of  borderline  significance, 
vith  the  Ranch  Hands  faring  slightly  worse  than  the  Comparisons.  The  CNS 
summary  index  shoved  a  significant  detriment  to  the  Ranch  Hands. 

The  exposure  analyses  for  neurological  variables  vith  reasonable  counts 
of  abnormalities  shoved  only  occasional  statistically  significant  results. 

No  consistent  pattern  vith  increasing  exposure  vas  evident  for  any 
occupational  category  of  the  Ranch  Hand  group. 
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TABLE  11-15 


Overall  Smeary  Results  of  Unadjusted 
and  Adjusted  Analyses  of  Neurological  Variables 


Variable 


Direction  of 
Unadjusted  Adjusted  Results** 


Questionnaire*  Physical  Exasination 

Neurological  Disease  (Interval) 
Neurological  Disease  (History) 

Cranial  Nerve  Function 

Saell 

Visual  Fields 
Light  Reaction 
Ocular  Movenents 
Facial  Sensation 
Corneal  Reflex 
Jaw  Clench 
Ssile 

Palpebral  Fissures 
Balance 
Gag  Reflex 
Speech 

Tongue  Position  Relative 
to  Nidline 

Palate  and  Uvula  Movement 
Neck  Range  of  Motion 
Cranial  Nerve  Function  Index4 
Cranial  Nerve  Function  Index4 
(excluding  Neck  Range  of  Motion) 

Peripheral  Nerve  Function 

Pin  Prick 
Light  Touch 
Muscle  Status 
Vibratory  Sensation 
Patellar  Reflex 
Achilles  Reflex 
Biceps  Reflex 
Babinski  Reflex 


NSb 

... 

NS 

— 

NS 

— 

NS 

... 

NS 

— — 

NS 

— 

NS 

e 

e 

NS 

— 

NS 

— 

NS 

— 

NS 

— 

NS 

— 

NS* 

— 

RH>C 

NS* 

RH>C 

NS 

— 

NS 

NS 

NS 

NS 

NS* 

NS* 

RH>C 

NS 

**★* 

NS 

NS 

NS 

NS 

NS 

— 

NS 

NS 

NS 

NS 

— — 

NS 

- — 
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TABU  11-13.  (continued) 


Overall  Sunnary  Results  of  Unadjusted 
and  Adjusted  Analyses  of  Neurological  Variables 


Variable 


Direction  of 

Unadjusted  Adjusted  Results** 


Central  Nervous  Systea  Coordination 


Treaor 

NS* 

NS* 

Coordination 

NS 

— 

Roaberg  Sign 

NS 

— 

Gait 

NS 

NS 

CBS  Summary  Index4 

0.036 

0.042 

RH>C 

RH>C 


**RH>C:  More  abnoraalitiea  in  Ranch  Band  group  than  in  Coaparison  group. 

'Disease  categories  include t  inflaeaatory  diseases,  hariditary  and 
degenerative  diseases,  peripheral  disorders,  disorders  of  the  eye,  disorders 
of  the  ear,  and  other  disorders. 

NS:Not  significant  (p>0.10). 

bNo  inflaaa&tory  diseases  noted;  borderline  significant  (p-0.069,  RH>C)  for 
other  disorders;  not  significant  for  renaining  categories. 

— Analysis  not  perforaed  because  of  sparse  nuaber  of  abnormalities. 

cNo  abnoraalities  present. 

NS*Borderline  significant  (0.05<p^0.10). 

dConstructed  variable. 

****Group- by-co var iate  interaction. 
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In  a  longitudinal  analysis  of  tha  Roabwrg  sign  and  tha  Babinski  reflex, 
only  tha  Babinski  raflax  ravaalad  a  significant  diffaranca  batvaan  tha 
Basalina  and  follovup  exaaination,  vith  tha  Ranch  Hands  converting  froa 
significant  adverse  findings  at  Basalina  to  favorable  nonsignificant  findings 
at  tha  follovup  exaainaticn. 

Overall,  tha  follovup  exaainatloh  findings  are  quite  siailar  to  tha 
Basalina  findings.  Hovever,  several  distinct  patterns  vara  evident  froa  tha 
analyses]  (1)  Tha  follovup  exaaination  detected  substantially  fever  abnor- 
aalitias  for  alaost  all  aeasureaent  variables,  (2)  tha  decrease  in  abnoraal- 
itlas  vas  equivalent  in  both  groups,  (3)  aost  of  tha  covariata  affects  vara 
classical,  although  exceptions  vara  evident,  (4)  tha  adjusted  analyses  vara 
uniformly  siailar  to  tha  unadjusted  analyses,  (5)  tha  constructed  summary 
variables  vara  generally  statistically  significant,  or  of  borderline  signif¬ 
icance  (hovever  soma  indices  vere  created  after  the  data  vara  examined),  and 
(6)  although  statistical  significance  at  the  pre-assigned  a  -level  of 
0.05  vas  not  achieved  for  any  of  the  aeasureaent  variables,  abnormalities 
tended  to  cluster  in  the  Ranch  Hand  group. 

Of  the  three  group-by-covariate  interactions  in  the  adjusted  analyses, 
only  one,  a  borderline  group-by- insecticide  exposure  interaction  for  hand 
tremor,  vhare  Ranch  Hands  exposed  to  insecticides  had  a  marginally 
significant  adverse  effect,  vas  of  probable  biologic  (and  operational) 
significance. 

In  conclusion,  none  of  the  27  neurological  variables  demonstrated  a 
significant  group  difference,  although  several  shoved  an  aggregation  of 
abnormalities  in  the  Ranch  Hand  group,  vhlch  merits  continued  surveillance. 
Historical  reporting  of  neurologic  disease  vas  equal  in  both  groups.  The 
clinical  sensitivity  in  detecting  neurological  deficits  varied  substantially 
between  the  Baseline  and  the  follovup  examinations,  but  the  number  of 
statistically  significant  variables  remained  about  the  same.  None  of  the 
exposure  analyses  revealed  dose- response  patterns  in  the  Ranch  Hand  occupa¬ 
tional  categories.  The  longitudinal  analyses  disclosed  a  favorable  reversal 
of  significant  Babinski  reflex  abnoraalities  at  Baseline  to  nonsignificant 
findings  at  the  follovup  exaaination  for  the  Ranch  Hands.  The  similarity  in 
results  between  unadjusted  and  adjusted  statistical  tests  is  evidence  of 
group  equality  for  the  traditionally  important  neurological  covariates  of 
age,  alcohol,  and  diabetes.  Of  three  group-by-covarlate  interactions  in  the 
adjusted  analyses,  only  the  Ranch  Hand  insecticide  interaction  vith  hand 
tremor  vas  biologically  plausible. 
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CHAPTER  12 


PSYCHOLOGICAL  ASSESSMENT 


INTRODUCTION 

Emotional  illnesses  or  psychological  abnormalities  are  not  recognized  as 
primary  clinical  endpoints  following  exposure  to  chlor  nhenols,  phenoxy 
herbicides,  and  dioxin.  "Naur obehavi oral  effects"  occasionally  ascribed  to 
such  exposures  have  been,  in  fact,  predominantly  neurological  symptoms  for 
which  causation  is  not  disputed  (see  Chapter  11).  Higher  CNS  functioning,  in 
terms  of  cognitive  skills,  personality,  and  reactivity,  may  be  temporarily  or 
permanently  impaired  depending  on  the  exposure  and  the  ability  to  measure 
accurately  the  psychological  changes. 

Animal  studies  provide  little  insight  into  possible  human  psychological 
problems.  Animal  signs  of  lethargy,  stupor,  poor  coordination,  lack  of 
feeding,  and  agitation  have  been  observed  in  multiple  studies  Involving  many 
species.  These  3igns  have  generally  been  attributed  to  the  "vesting  syn¬ 
drome"  or  multi-organ  toxicity,  rather  than  primary  CNS  toxicity.  A  study 
of  "behavioral"  effects  in  rats  following  single  and  veekly  doses  of  2,4-D 
shoved  that  the  central  effects  of  decreased  coordination  and  lever-pressing 
behavior  vere  transient  and  reversible.  Further,  no  latent  CNS  impairment 
vas  detected  after  a  d-amphetaaine  challenge. 

Hunan  studies  and  case  reports  have  occasionally  noted  psychological 
disorders  or  symptom  complexes  following  exposure  to  herbicides  and  TCDD. 
Complaints  included  headache,  anxiety,  malaise,  depression,  abnormal  anger, 
mood  changes,  sleep  disturbances,  decreased  libido,  and  impotence.  Scien¬ 
tific  confirmation  of  these  symptoms  by  psychological  testing  is  difficult 
and  exclusion  of  other  plausible  causes  such  as  age,  preexisting 
psychological  abnormalities,  or  even  motivation  for  compensation  is  often 
impossible.  Most  studies  have  merely  recorded  complaints  and  have  not 
pursued  their  validation  by  indepth  functional  testing. 

Early  studies  of  industrial  chemical  workers  first  provided  the  sug¬ 
gestion  of  psychological  effects.  Followup  studies  from  the  Nitro,  Vest 
Virginia,  accident  in  1949,  shoved  "nervousness, "  fatigue,  irritability,  cold 
intolerance,  and  decreased  libido  in  many  of  the  workers  with  chloracne,  but 
most  of  these  symptoms  subsided  over  a  4-year  period.  '  Two  followup 
studies  in  1979,  by  different  investigators  of  expanded  (but  slightly  dif- 
ferent)9p|ant  cohorts,  noted  reports  of  sexual  dysfunction  and  decreased 
libico.  One  of  these  studies  noted  that  these  observations  (and  insomnia) 
vere  significantly  increased  in  individuals  vith  chloracne.  Neither  of 
these  followup  efforts  conducted  neurobehavioral  tests  to  validate  the 
reported  symptoms. 

Other  industrially  based7studies  reported  symptoms  of  fatigue,7-13 
decreased  libido,  impotence,7  sleep  disturbances,  '  -1  reduced  emotional 

responses,  sensory  deficits  of  smell,  taste,  and  hearing,  reading 
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difficulties,*  memory  loss,11  and  emotional  disorders.1  '  Symptoms  of 
depression  and  anxiety  have  been  associated  vith  disfiguring  chloracne.  One 
study  found  a  relationship  between  chloracne  and  hypoeania  as  determined  from 
t.e  MMPI,1  and  another  noted  that  two  of  three  chemists  involved  in  the 
synthesis  of  TCDD  developed  marked  personality  changes.1  Although  data 
interpretation  problems  exist,  the  Czechoslovakian  10-year  followup  study 
cited  eight  cases  of  severe  dementia  in  exposed  vor'ters  and  reported  that 
symptoms  of  anxiety  and  depression  decreased  over  the  follovup  period.1 

A  contemporary  cross-sectional  morbidity  study  of  a  mobile-home  park, 
environmentally  contaminated  vith  dioxin,  shoved  subclinical  hepatic, 
hematologic,  immunologic,  and  psychological  changes  in  exposed  residents.1* 
Significant  abnormalities  were  recorded  in  the  exposed  group  for  the  tension/ 
anxiety  and  anger /host ill ty  scales  of  the  profile  of  mood  states  (POMS) 
inventory,  as  veil  •£  uie  vocabulary  subtest  of  the  Vechsler  adult  intel¬ 
ligence  scalv  (VAIS).  Hovft/er,  functional  testing  by  the  Hals tsad-Rei tan 
battery  (HRB)  did  not  reveal  signifies.' t  group  differences.  There  was  no  way 
to  differentiate  between  the  primary  e  iects  of  exposure  and  the  secondary 
effects  of  media  attention. 

In  contract  to  industrial  cohorts,  tha  study  of  chemically  related 
psychological  problems  in  veterans  has  proved  more  difficult  because  of  the 
confounding  effects  of  combat  stress  and  the  post-traumatic  stress  disorder 
(PTSD),  and  the  uncertainty  of  exposure.  Of  almost  100,000  Vietnam  veterans 
registered  in  the  VA's  Agent  Orange  Registry  in  1983,  18  percent  complained 
of  "nervousness"  and  10  percent  cited  personality  disorders.  A  psychiatric 
review  of  133  veterans  included  in  tha  Registry,  most  of  vhom  had  been 
referred  for  treatment,  disclosed  a  symptom  hierarchy  of  sleep  disorders 
(53X),  mood  depression  (36X),  suicidal  thoughts  (35X),  and  irritability 
(31X).  Fifty-three  percent  of  these  veterans  received  the  PTSD  diagnosis. 

In  1980,  the  American  Psychiatric  Association  established  the  term 
"post-traumatic  stress  disorder"  to  define  a  neurosis  caused  by  extreme 
psychic  trauma,  e.g.,  natural  disaster,  var,  imprisonment,  or  torture. 

PTSD  comprises  the  symptoms  of  anxiety,  "powder  keg"  anger,  depression, 
irritability,  restlessness,  recurrent  intrusive  dreams,  flashbacks,  and  . 
sleeplessness.  Quiescent  PTSD  may  be  acutely  reactivated  in  soma  individuals 
by  specific  triggering  events  (e.g.,  visiting  the  Vietnam  Memorial).  The 
disorder  is  equally  applicable  to  civilians  following  emotionally  traumatic 
experiences.  The  onset  of  PTSD  may  immediately  follow  the  traumatic  event  or 
it  may  occur  years  afterward.  The  older  war  terms  shell  shock,  combat 
fatigue,  and  anxiety  reaction  generally  referred  to  the  more  immediate 
symptoms  following  the  trauma  although  components  of  PTSD  are  nov  recognized 
in  veterans  of  earlier  wars. 

The  prevalence  of  PTSD  in  Vietnam  veterans  is  unknown,  and  ever,  u.e 
qualitative  assessments  of  "common"  or  "rare"  are  debatable.  ,a  A  7-month 
incidence  of  legal  and  emotional  maladjustments  in  returning  Vietnam  veterans 
occurred  at  the  rate  of  23  pejjent  and  did  not  differ  significantly  from  com¬ 
parable  rates  in  nonveterans.  Though  a  concise  definition  of  PTSD  exists, 
there  is  controversy  as  to  the  best  means  of  diagnosis.  Some  workers  prefer 
a  full  jnd  thorough  clinical  interview21  while  others  favor  empiric  symptom 
scales.  Clearly,  each  method  serves  a  different,  but  highly  related, 
purpose:  clinical  diagnosis  in  individuals  versus  an  epidemiological/ 
statistical  diagnosis  in  groups. 
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Risk  factors  for  the  development  of  PTSD  may  include  emotional  pre¬ 
disposition,  social/ethnic  background,  parental  factors,  race,  and  combat 
intensity  ranging  from  slight  involvement  to  atrocity  behavior.  '2  ’  * 
Parallel  conditions  to  PTSD  (or  perhaps  unrecognised  components  of  PTSD) 
encompass  alcoholism,  drug  abuse,  lawlessness  ( arrests/ felony  convictions), 
personality  disorders,  and  frank  psychosis.  ,29~21  this  chapter  attempts  to 
isolate  any  psychological  disorders  attributable  to  herbicide  exposure. 


Baseline  Sr— ary  Results 

Extensive  psychological  parameters  vere  assessed  on  all  participants 
during  the  1982  Baseline  questionnaire  and  physical  examination.  The 
expected  high  degree  of  concordance  between  education  (college,  high  school) 
and  military  status  (officer,  enlisted)  was  observed  and  validated  the  sole 
use  of  education  as  a  covariate  representing  socioeconomic  status  for  most 
analyses . 

There  were  no  questionnaire  differences  for  past  history  of  emotional  or 
psychological  illnesses  between  the  Ranch  Band  and  Comparison  groups.  For 
the  psychological  indices  of  fatigue,  anger,  erosion,  anxiety,  and  severity 
of  depression  (as  determined  by  a  modification  of  the  Diagnostic  Interview 
Schedule  a),  no  group  differences  were  detected  among  the  college-educated 
Ranch  Hands.  However,  for  the  high  school-educated  stratum,  Ranch  Hands 
demonstrated  highly  significant  pathology  for  fatigue,  anger,  erosion,  and 
anxiety.  An  unadjusted  analysis  of  reported  depression  shoved  significantly 
more  depression  in  the  Ranch  Hands,  as  did  the  isolation  index  adjusted  for 
educational  level.  Exposure  index  analyses  from  the  Ranch  Hand  questionnaire 
data  did  not  suggest  a  relationship  between  exposure  and  psychological 
abnormality. 

At  the  time  of  the  physical  examination,  additional  self-reported  data 
were  collected  with  the  Cornell  Index  and  the  MMPI.  ’’’he  CNS  fimctional 
testing  vas  conducted  by  a  modified  HRB,  and  intelligence  was  measured  by  the 
VAIS. 


The  Cornell  Index  shoved  a  significant  increase  in  psychophysiologic 
symptoms  in  the  high  school-educated  Ranch  Hands.  Six  of  10  parameters  of 
the  Cornell  Index  were  abnornwl  in  the  Ranch  Hands  (e.g.,  fear,  startle, 
psychosomatic)  as  contrasted  to  the  Original  Comparisons,  and  all  abnormal 
responses/parameters  vere  inversely  related  to  education  to  a  statistically 
significant  degree.  MMPI  results  in  the  high  school-educated  participants 
shoved  differences  in  the  scales  of  denial,  hypochondria,  masculinity/ 
femininity,  and  mania/hypomania  as  contrasted  to  the  college-educated  group. 
Only  the  social  introversion  scale  vas  significant  in  the  college-educated 
participants.  The  effect  of  education  vas  influential  (p<0.01)  in  all  scales 
of  the  MMPI.  Race  vas  not  a  significant  covariate.  All  self-reported  data, 
including  those  from  the  in-home  questionnaire,  vere  not  adjusted  for  pos¬ 
sible  group  differences  in  PTSD  or  combat  experience/intensity. 

Performance  testing  by  the  ERB  shoved  no  neuropsychiatric  impairment  in 
the  Ranch  Hands  as  contrasted  to  their  overall  self-administered  MMPI  and 
Cornell  Index.  In  fact,  Ranch  Hand  over-reporting  vas  suggested  in  several 
parameters,  but  vas  not  proved.  The  effect  of  education  on  the  Halstead- 
Reitan  testing  vas  profound  (p<0.0001).  WAIS  intelligence  scores  revealed 
very  close  group  similarities  in  the  full-scale  and  verbal  and  performance 
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scales.  As  expected,  the  intelligence  quotient  (IQ)  of  college  graduates  was 
significantly  higher  than  the  IQ  of  high- school  graduates.  Exposure  index 
analyses  of  the  HRB  and  VAIS  data  were  negative  and  disclosed  no  patterns 
that  suggested  an  herbicide  effect:. 


Parameters  of  the  1985  Psychological  Assessment 


Two  of  the  psychological  tests  (MMPI,  HRB)  conducted  at  the  1982 
Baseline  examination  vere  repeated  at  the  first  followup  examination  in  1985. 
Repetitive  testing  was  accomplished  for  purposes  of  clinical  validation, 
establishment  of  comparable  longitudinal  parameters,  and  comparable  covariate 
adjustments  by  concurrently  derived  PTSD  and  combat  experience  indices. 


Questions  from  the  Diagnostic  Interview  Schedule  vere  deleted  from  the 
followup  questionnaire  and  vere  replaced  by  questions  on  combat  experience  in 
Vietnam.  An  updated  history  of  mental  and  emotional  disorders  was  obtained 
on  all  participants.  A  PTSD  indicator  was  derived  from  a  new  MMPI  subscale24 
and  was  used  for  covariate  adjustments  of  non-MMPI  psychological  data.  The 
VAIS  IQ  assessment  was  deleted,  but  all  parameters  of  the  MMPI  and  HRB  vere 
retained  mv,e  Cornell  Medical  Index  (CMI;  was  substituted  for  the  Cornell 
Index  in  ...«  1985  psychological  assessment. 


The  dependent  variables  and  covariates  o£  the  followup  examination  are 
similar  to  those  analysed  at  the  Baseline.  Longitudinal  analyses  of  the  MMPI  - 
scales  of  denial  and  depression  consider  the  change  of  psychological  test 
indices  between  groups. 


All  statistical  analyses  are  based  on  1,016  Ranch  Hands  and 
1,293  Comparisons.  No  individuals  were  excluded  from  the  analysis  of  the 
psychological  data  for  medical  reasons.  Sample  size  differences  in  the 
tables  below  reflect  missing  data  from  scale  or  battery  test  results,  or  from 
relevant  covariates.  The  statistical  tests  use  log-linear  models,  logistic 
regression  models,  Kolmogorov-Smirnov  nonparametric  tests,  Fisher's  exact 
test,  and  Pearson's  chi-square  test.  Parallel  analyses  using  Original 
Comparisons  are  in  Talies  J-8  through  J-18  of  Appendix  J. 


RESULTS  AND  DISCUSSION 


Questionnaire  Data 

At  the  follovup  interview,  each  participant  was  asked  whether  he  had 
ever  'da  mental  or  emotional  disorder.  Whenever  possible,  the  conditions 
were  i. tided  using  ICD-9-CM.  Reported  disorders  for  which  treatment  was 
obtained  were  subsequently  verified  by  reviews  of  medical  records.  Table 
12-1  contains  a  tabulation  of  the  distribution  of  these  psychological 
illnesses,  with  information  from  the  Baseline  and  follovup  studies  combined. 

None  of  the  types  of  illness  categories  showed  statistically  significant 
differences  between  groups;  however,  the  "other  neuroses"  category  is 
significant  (p-0.037),  with  the  Ranch  Hands  shoving  mere  adverse  effects, 
vnen  only  Original  Comparisons  are  used  (see  Table  J-8  of  Apperdix  J). 
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TABLE  12-1. 


Unadjusted  Analyses  for  Reported  Psychological  Illnesses 
by  Group:  Baseline  and  First  Follovup  Studies  Combined* 


Group  Abnormalities 


Ranch  Hand  _ Coaparison 


Type  of  Illness 

Number 

Percent 

Number 

Percent 

Total 

p-Value** 

Psychoses 

14 

1.4 

9 

0.7 

23 

0.138 

Alcohol  Dependence 

9 

0.9 

8 

0.6 

17 

0.473 

Anxiety 

7 

0.7 

13 

1.0 

20 

0.501 

Other  Neuroses 

^2 

7.1 

74 

5.7 

146 

0.197 

* Analyses  based  on  1,016  Ranch  Hands  and  1,293  Conparisons;  some 
participants  nay  have  had  pore  than  one  illness. 

**Fisher's  exact  test. 


Psychological  Bxaninatlon  Data 

The  MMPI  is  a  self-adainistered  test  consisting  of  566  questions  on 
various  aspects  of  behavior  and  personality.  The  results  of  the  MMPI  are 
numerical  scores  for  14  scales.  The  scales  are  anxiety  (psychasthenia), 
consistency  (F-scale),  defensiveness  (L-scale),  denial  (K-scale),  depression, 
hypochondria,  hysteria,  mania/hypomania,  masculinity/ femininity,  paranoia, 
psychopathic/deviatc,  schizophrenia,  social  introversion,  and  validity.  The 
normal  range  of  scores  from  30  to  70  vas  used  to  categorize  the  results  as 
normal  or  abnormal  for  all  scales  except  validity.  For  validity  (the  number 
of  unansvered  questions)  categories  of  0  or  greater  than  0  were  used.  The 
test  vas  administered  to  all  2,309  participants.  A  participant  vas 
considered  nonresponsive  in  the  MMPI  if  more  than  30  questions  (approximately 
5X)  were  unansvered.  Due  to  nonresponse,  data  on  six  participants,  (tvo 
Ranch  Hands  and  four  Comparisons)  vere  omitted  from  the  analysis  of  all 
variables  except  validity.  Thus,  the  MMPI  analyses  vere  based  on  1,014  Ranch 
Hands  and  1,289  Comparisons. 

The  CMI  is  a  self-administered  instrument  used  to  collect  a  substantial 
amount  of  medics1  and  psychiatric  data.  The  195  auestions  of  the  CMI  are 
partitioned  into  18  sections  (A  to  R)  vith  the  number  of  questions  vithin  a 
section  ranging  from  6  to  23.  The  analysis  of  the  CMI  vas  based  on  three 
scores:  the  total  CMI  score,  an  M-R  subscore,  and  an  A-H  area  subscore.  The 
total  CMI  score  is  the  number  of  affirmative  responses  on  the  entire 
q  istionnaire  and  is  analyzed  as  a  continuous  variable.  The  M-R  subscore, 
vhich  deals  vith  mood  and  feeling  patterns,  is  a  useful  indicator  of 
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emotional  ill-health.  This  subscore  is  the  total  number  of  affirms  ive 
responses  to  the  51  questions  in  sections  M-R  and  is  trichotomized  as  0,  1  to 
10,  or  greater  than  10  for  the  analysis.  The  A-H  area  subscore  is  a  measure 
of  the  scatter  of  complaints,  indicating  a  diffuse  medical  problem,  although 
other  interpretations  are  possible.  An  abnormal  A-H  area  subscore  is  defined 
as  the  number  of  sections  (of  A-H)  vith  three  or  more  affirmative  responses. 
The  A-H  area  subscore,  vhich  ranges  from  0  to  8,  is  trichotomized  as  0,  1  to 
3,  or  4  to  8  for  the  analysis. 

Consistent  with  the  5  percent  nonresponse  exclusion  used  for  the  MMPI, 
analysis  of  the  total  CMI  score  is  based  on  scores  vith  at  least  a  95  percent 
response  rate  or  no  more  than  10  unansvered  items  from  the  total  195.  M-R 
subscores  are  deleted  from  the  analyses  if  three  or  more  questions  were 
unansvered  from  the  51  questions.  For  the  A-H  area  subscore,  participants 
who  failed  to  ansver  all  items  were  excluded  from  the  analyses.  Using  these 
response  criteria,  analyses  of  the  total  CMI  score  are  based  on  thr  scores  of 
1,000  Ranch  Hands  (16  deleted)  and  1,268  Comparisons  (25  deleted);  the  M-R 
subscore  analyses  use  the  results  of  998  Ranch  Hands  (18  deleted)  and 
1,267  Comparisons  (26  deleted);  and  the  A-H  area  subscore  analyses  use 
914  Ranch  Hands  (102  deleted)  and  1,148  Comparisons  (145  deleted). 

The  HRB  is  a  neuropsychological  test  that  vas  administered  to  all  par¬ 
ticipants  to  assess  the  functional  integrity  of  the  CNS.  The  battery 
consists  of  seven  suhtests:  category  (abstract  recognition  and  analysis), 
total-time  tactile  performance,  memory  tactile  performance,  localization 
tactile  performance,  rhythm,  speech,  and  finger  tapping.  In  addition,  other 
tests  were  performed  (e.g. ,  trailmaking,  tests  of  recent  memory)  but  do  not 
contribute  to  the  impairment  index.  For  each  participant  vho  completed  all 
seven  subtests,  an  impairment  index,  equal  to  the  number  of  subtests  in  vhich 
the  participant  scored  abnormally,  is  computed.  This  variable  is  dichot¬ 
omized  as  normal  (impairment  index  <3)  or  abnormal  (impairment  index  >3). 
Twenty  participants  (10  in  each  group)  refused  or  did  not  complete  one  or 
more  of  the  seven  subtests.  Thus,  the  analyses  of  the  HRB  Impairment  index 
are  based  on  data  from  1,006  Ranch  Hands  and  1,283  Comparisons.  Fisher's 
exact  test  vas  used  to  contrast. the  number  of  excluded  participants  oetveen 
groups.  A  significant  difference  vas  net  observed  (p-0.654). 

The  analyses  of  the  psychological  variables  vere  adjusted  for  age  (born 
in  1942  or  after,  born  betveen  1923  and  1941,  born  in  1922  or  before),  race 
(Black,  nonblack),  education  (high  school,  college),  and  drink-years 
(0,  greater  than  0  to  50,  greater  than  50).  Education  vas  dichotomized  into 
high  school  and  college  categories,  for  purposes  of  analysis,  from  the 
classifications  of  (1)  no  high  school  diploma,  (2)  high  school  diploma, 

(3)  attended  college,  and  (4)  college  diploma.  This  variable  vas  based  on 
Baseline  education  levels,  and  participants  vith  incomplete  information  verc 
classified  as  high  school  educated.  In  addition,  the  analyses  of  the  MMPI 
scales  vere  adjusted  for  the  combat  index,  a  surrogate  m'-sure  for  PTSD. 

This  index  vas  constructed  from  15  self-administered  questions  on  combat 
experiences  (see  Appendix  C,  page  C-15,  AFHS  Form  8).  Associations  of  these 
15  variables  vith  PTSD,  as  r  assured  from  a  subset  of  the  MMPI  questions,  vere 
examined,  and  responses  to  ‘:our  questions  shoved  statistically  significant  or 
marginally  significant  associations  vith  PTSD.  The  four  questions  vere 
(1)  flev  in  aircraft  that  received  battle  damage,  (2)  had  a  clo^-e  friend 
killed  in  action,  (3)  encountered  mines  or  booby  traps,  and  (4)  vounded.  An 
index,  equal  to  the  number  of  affirmative  responses  to  these  four  questions, 
vas  computed  and  ’ised  as  a  trichotomized  covariate  (lov,  [0;  n*708  (30. 7%) ] , 
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oed iua  [1;  n-814  (35.4*)],  high  [2-4;  n-  781  (33.9X)],  6  missing 
participants,  as  vith  MMPI  scales)  for  the  analyses  of  the  MMPI  scales. 

While  this  index  was  associated  vith  PTSD,  it  does  not  necessarily  measure 
stress  but  does  measure  combat  experience. 

The  analyses  of  the  CHI  and  HRB  tests  v«re  adjusted  for  PTSD,  bast'd  on 
the  number  of  affirmative  responses  to  a  subset  of  49  questions  of  the  MMPI. 
For  these  analyses,  PTSD  was  dichotomized  as  yes/no  using  greater  than 
30  affirmative  responses23  as  a  positive  indicator  of  PTSD.  Sixteen  partici¬ 
pants  (10  Ranch  Hands,  6  Comparisons)  vere  classified  as  having  PTSD  under 
this  guideline.  (Note  that  this  indicator  of  PTSD  vas  not  used  as  a 
covariate  for  the  analyses  of  MMPI  scales,  because  the  variable  vas  based  on 
the  responses  used  in  the  calculation  of  the  MMPI  scores.) 

Current  alcohol  use  (yes/no)  and  occupation  vere  examined  as  potential 
covariates  and  are  provided  in  the  summary  tables  for  inspection.  Current 
alcohol  use  vas  highly  correlated  vith  drink-years,  vhich  better  explained 
the  dependent  variables  under  study.  Similarly,  occupation  vas  highly 
correlated  vith  education  (p<0.001).  In  this  case,  education  vas  selected. 


Statistical  Analysis 


Minnesota  Multiphasic  Personality  Inventory  (MMPI) 

The  distributions  of  the  Ranch  Hand  and  Comparison  groups  for  the 
14  MMPI  variables  vere  contrasted  using  the  Kolmogorov-Smirnov  non parametric 
tests  and  stratified  by  occupation  (officer,  enlisted  flyer,  enlisted 
groundcrev),  for  a  total  of  42  tests.  Unadjusted  analyses  vere  performed 
using  Fisher's  exact  test.  Covariate  analyses,  using  Fisher's  exact  or 
Pearson's  chi-square  test,  vere  conducted  for  age,  race,  education,  drink- 
years,  combat  index,  current  alcohol  use,  and  occupation.  Logistic 
regression  techniques  vere  used  to  conduct  the  adjusted  analyses.  In  the 
adjusted  analyses,  all  covariates  vere  used  as  discrete  variables  vith  the 
exception  of  age,  vhich  vas  used  as  a  continuous  variable.  Current  alcohol 
use  and  occupation  vere  not  used  in  the  adjusted  analysis.  Using  a  tvo-sided 
a-level  of  0.05,  and  vith  pover  of  0.80,  the  sample  sizes  are  sufficient  to 
detect  a  38  percent  increase  in  the  rate  of  abnormal  scores  for  depression,  a 
61  percent  increase  in  the  rate  of  abnormal  scores  for  denial,  and  a  119  per¬ 
cent  increase  in  the  rate  of  abnormal  scores  for  social  introversion. 


Distributional  Analyses 

The  Kolmogorov-Smirnov  tests  identified  no  statistically  significant 
differences  betveen  the  Ranch  Hand  and  Comparison  distributions  for  the 
14  MMPI  variables  at  the  0.05  significance  le^el  for  each  occupational 
category.  Only  2  of  the  42  tests  even  approached  significance,  mania/ 
hypomania  (Ranch  Hand  and  Comparison  officers,  p-0.092)  and  psychopathic/ 
deviate  (Ranch  Hand  and  Comparison  enlisted  flyers,  p-0.088).  Results  of  the 
Kolmogorov-Smirnov  tests  are  provided  in  Tables  J-l  to  J-3  of  Appendix  J.  It 
is  noted  that  stratification  by  occupation  reduced  the  sample  size  for  each 
test  and  consequently  decreased  the  pover;  that  is,  a  larger  maximum 
difference  betveen  the  Ranch  Band  and  Comparison  distributions  is  needed  to 
show  significance  vhen  the  sample  size  is  decreased,  as  is  the  case  vhen 
stratification  by  occupation  is  performed. 
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Unadjusted  and  Adjusted  Analyses 

The  unadjusted  results,  covariate  testJ  of  association,  and  adjusted 
results  of  the  analyses  for  the  14  MMFI  variables  are  summarized  in  Tables 
12-2  to  12-4,  respectively.  Summary  tables,  vhich  investigate  interactions 
involving  group,  are  provided  in  Table  J-4  of  Appendix  J.  The  results  of  the 
tests  of  association  for  current  alcohol  use  and  occupation  are  presented  in 
Table  12-3  for  inspection,  but  are  not  discussed  in  the  text  since  the 
measure  of  total  drink-years  vas  more  appropriate  for  use  in  the  analyses. 


Anxiety 

The  unadjusted  analysis  shoved  no  statistically  significant  difference 
in  the  anxiety  scale  between  the  Ranch  Hands  and  the  Comparisons  (p»0.311). 

The  tests  of  association  vith  the  covariates,  using  the  pooled  group 
categorical  data,  revealed  statistically  significant  effects  for  age 
(p-0.010)  and  education  (p<0.001).  For  age,  8.4  percent  of  the  participants 
born  in  or  after  1942  vere  scored  as  abnormal,  as  vere  5.3  percent  of  those 
born  from  1923  to  1941,  and  4.6  percent  of  those  born  in  or  before  1922.  The 
high  school  subgroup  had  a  higher  percentage  (8.5X)  of  abnormalities  than  the 
college  subgroup  (4.4Z).  For  the  test  of  association,  drink-years  vas 
marginally  significant  (p«0.058),  based  on  the  percent  of  abnormalities  for 
0,  greater  than  0  to  50,  and  greater  than  50  drink-years:  10.0  percent, 

5.9  percent,  and  8.2  percent,  respectively. 

In  the  adjusted  analysis,  there  vas  no  statistically  significant  dif¬ 
ference  between  groups  (p-0.512) .  In  this  analysis,  education  (EDUC)  shoved 
a  statistically  significant  effect  (p<0.001).  The  interaction,  age-by- 
combat-index  (Cl),  vas  also  statistically  significant  (p*0.008).  A  group- 
(GRP)-by-education  interaction  vas  marginally  significant  (p«0.Q57).  Further 
investigation  of  this  interaction  revealed  an  adjusted  relative  risk  of  1.39 
for  the  high  school  stratum  and  0.68  for  the  college  stratum.  Hovever,  these 
relative  risks  were  not  significantly  different  from  1.00  (p-0.114,  p«0.n33, 
respectively).  The  exploration  of  this  interaction  is  shown  in  Table  J-4  of 
Appendix  J. 


Consistency 

The  unadjusted  test  of  the  MM?I  consistency  scale  revealed  no  statis¬ 
tically  significant  difference  between  the  Ranch  Hand  and  Comparison  groups 

(p-0.222). 

Based  on  the  tests  of  association,  education  vas  statistically  signifi¬ 
cant  (p«0.010)  vith  3.9  percent  abnormalities  in  the  high  school  category  and 
2.0  percent  abnormalities  in  the  college  category.  In  addition,  the  test  of 
association  vith  drink-years  vas  statistically  significant  (p>0.021);  the 
categories  0  and  greater  than  0  to  50  drink-years  each  had  a  percent  abnormal 
frequency  of  2.7,  whereas  there  vere  5.6  percent  abnormalities  in  the  greater 
than  50  drink-years  category. 

In  the  adjusted  analysis  of  the  consistency  scale,  a  group-by-education 
interaction  vas  statistically  significant  (p-0.013).  Further  analysis  of  the 
interaction  (shown  in  Table  J-4  of  Appendix  J)  revealed  that  the  high  school 
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Unadjusted  Analyses  for  MMPI  by  Group 
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TABLE  12-2.  (continued) 
Unadjusted  Analyses  for  KMPI  by  Group 
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TABLE  12-3 


Association  Betveen  MMPI  Variables  and  the  Corarlates 
in  the  Coabined  Ranch  Hand  and  Comparison  Groups 


Current** 


MMPI  Scale 

Age 

Race 

Education 

Drink- 

Tears 

Coabat 

Index 

Alcohol 

Use 

Occupation** 

Anxiety 

0.010 

NS 

<0.001 

NS* 

NS 

0.001 

<0.001 

Consistency 

NS 

NS 

0.010 

0.021 

NS 

NS 

<0.001 

Defensiveness 

0.028 

0,025 

<0.001 

<0.001 

NS* 

0.001 

<0.001 

Denial 

0.037 

NS 

NS 

NS 

NS 

NS 

NS 

Depression 

NS 

NS 

<0.001 

0.002 

NS 

NS 

<0.001 

Hypochondria 

0.031 

0.025 

<0.001 

0.041 

0.027 

0.044 

<0.001 

Hysteria 

0.044 

NS 

<0.001 

0.006 

NS 

0.027 

<0.001 

Mania/Hyponania 

NS 

NS 

NS 

0.011 

0.001 

NS 

0.022 

Masculinity/ 

Penininity 

0.005 

NS 

<0.001 

NS 

NS 

NS 

0.005 

Paranoia 

0.022 

NS 

NS 

NS 

NS 

NS* 

0.014 

Psychopathic/ 

Deviate 

NS 

0.001 

0.001 

<0.001 

NS 

NS* 

<0.001 

Schizophrenia 

NS 

NS 

<0.001 

0.014 

NS 

NS* 

<0.001 

Social  Introversion 

0.003 

NS 

NS* 

NS 

NS 

NS* 

<0.001 

Validity 

NS 

<0.001 

NS 

NS 

NS* 

NS 

NS 

NS  -  Not  significant  (p>0.10). 
♦Borderline  significant  (0.05<p<0.10). 
**Not  used  in  adjusted  analyses. 
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EDUC:  education 

Cl:  coahgt  index 

GRP:  group 

DRKYR:  drink-years  of  alcohol 

****Group-by-covariate  interaction  —  adjusted  relative  risk,  confidence  interval,  and  p-value 


Ranch  Rand  category  had  a  marginally  significantly  higher  percentage  of 
abnormal  participants  (5.6X)  than  the  high  school  Comparisons  (2.9X) 
(p-0.051).  The  adjusted  relative  risk  for  the  high  school  classification  was 
1.81  with  95  percent  confidence  bounds  of  1.00  ard  3.28.  In  contrast,  the 
percentage  of  abnormalities  in  the  Comparison  college-educated  stratum  was 
higher  than  the  corresponding  Ranch  Rand  subgroup  (2.6  percent,  1.4  percent, 
respectively),  but  the  difference  vas  not  statistically  significant 
(p-0.110).  Age,  drink-years  (DRKYR) ,  and  combat  index  vere  also  statisti¬ 
cally  significant  (p-0.007,  p-0.026,  p-0.041,  respectively)  in  the  adjusted 
analyses . 


Defensiveness 

For  the  MMPI  defensiveness  scale,  there  vas  no  significant  difference 
between  groups,  based  on  the  unadjusted  analysis  (p«0.592). 

The  tests  of  association  shoved  statistically  significant  differences 
for  all  variables  except  combat  index,  vhich  vas  marginally  different  statis¬ 
tically.  The  percentage  of  abnormalities  for  the  age  categories  (born  in  or 
after  1942,  born  betveen  1923  and  1941,  and  born  in  or  before  1922)  vere  3.3, 
1.8,  and  4.6,  respectively  (p-0.028).  There  vere  2.3  percent  abnormalities 
for  nonblacks  as  compared  to  3.6  percent  for  Blacks  (p-0.025).  The  percent 
abnormalities  for  the  high  school-  and  college-educated  categories  vere  3.8 
and  1.0,  respectively  (p<0.001).  For  the  0  drink-years  category,  there  vere 
10.0  percent  abnormalities;  the  percent  abnormalities  for  the  greater  than 
0  to  50  and  greater  than  50  drink-years  vere  2.4  and  0.6,  respectively 
(p<0.001).  For  combat  index,  vhich  vas  only  marginally  statistically  signif¬ 
icant  (p-0.093),  the  percent  abnormalities  vere  3.5  for  the  lov,  2.1  for  the 
medium,  and  1.9  for  the  high  categorizations. 

In  the  adjusted  analysis,  there  vas  no  significant  difference  betveen 
the  Ranch  Hand  and  Comparison  groups  (p-0.347).  In  this  analysis,  the 
covariates  of  education  (p<0.001)  and  drink-years  (p<0.001)  vere  statisti¬ 
cally  significant. 


Denial 

Based  on  the  unadjusted  analysis,  there  vas  a  statistically  significant 
difference  betveen  the  tvo  groups  on  the  MMPI  denial  scale  (p<0.001),  vith 
4.5  percent  abnormalities  in  the  Comparison  group  as  contrasted  to  only 
1.7  percent  in  the  Ranch  Band  group.  The  estimated  relative  risk  vas  0.36 
vith  a  95  percent  confidence  interval  of  0.21  to  0.63. 

The  tests  of  association  found  only  age  as  a  statistically  significant 
covariate  (p»0.037).  Men  born  in  or  after  1942  and  those  born  betveen  1923 
and  1941  had  3.0  percent  and  3.1  percent  abnormalities,  respectively,  as  com 
pared  to  8.0  percent  abnormalities  for  those  born  in  or  before  1922. 

The  adjusted  analysis  shoved  a  statistically  significant  difference 
betveen  groups  (p<0.001).  The  adjusted  relative  risk  estimate  vas  0.37  vith 
95  percent  confidence  bounds  of  0.21  and  0.66.  For  this  analysis,  the 
education-by-combat  index  interaction  vas  also  statistically  significant 
(p-0.044). 


Depression 


The  unadjusted  analysis  of  the  depression  scale  revealed  no  statisti¬ 
cally  significant  difference  betveen  the  two  groups  (p-0.272). 

In  the  covariate  tests  of  association,  education  and  drink-years  shoved 
statistically  significant  effects  (p<0.001,  p-0.002,  respectively).  There 
vas  a  higher  percentage  of  abnormalities  in  the  high  school-educated  category 
(13. IX)  than  in  the  college-educated  category  (7.2X).  For  drink-years,  the 
highest  rate  of  abnormality  vas  in  the  highest  category  of  alcohol  use 
(13. 81),  folloved  by  the  nondrinker  vith  10.7  percent  abnormalities  and  the 
moderate  category  vith  9.4  percent. 

In  the  adjusted  analysis,  there  vas  no  statistically  significant  dif¬ 
ference  between  groups  (p«0.497),  but  there  vas  a  marginally  significant 
group- by-combat  index  interaction  (p«0.055).  This  interaction  vas  explored 
further  and  is  shovn  in  Table  J-4  of  Appendix  J.  The  analysis  of  the  group- 
by-combat  index  interaction  revealed  a  marginal  difference  vithin  the  lov  (0) 
category  of  the  combat  index  (p-0.055),  but  not  vithin  the  medium  and  high 
categories  In  contrasting  the  192  Ranch  Sands  and  the  490  Comparisons  in 
the  0  category,  there  vere  14.6  percent  abnormalities  in  the  Ranch  Hand  group 
versus  8.2  percent  in  the  Comparisons  (p-0.039).  The  adjusted  relative  risk 
for  the  0  category  of  the  combat  index  vas  1.73  vith  a  95  percent  confidence 
interval  of  1.03  to  2.91.  Education  (p<0.001)  and  drink-years  (p»0.013)  also 
exhibited  statistically  significant  effects  in  the  adjusted  analysis. 


Hypochondria 

There  vas  no  statistically  significant  difference  for  the  NMPI  hypo¬ 
chondria  scale  between  the  Ranch  Hand  and  Comparison  groups  (p»0.198). 

In  the  covariate  tests  of  association,  all  five  variables  vere  statis¬ 
tically  significant.  Of  men  born  in  or  after  1942,  8.8  percent  had  abnor¬ 
malities  as  compared  to  12.2  percent  and  12.6  percent  of  those  born  betveen 
1923  and  1941  and  in  or  before  1922,  respectively  (p-0.031).  The  rates  of 
abnormalities  for  Blacks  and  nonblacks  vere  16.8  percent  and  10.4  percent, 
respectively  (p-0.025).  There  vas  a  highly  statistically  significant  dif¬ 
ference  for  education  (p<0.001)  vith  the  high  school-educated  category  having 
13.9  percent  abnormalities  and  the  college-educated  category  having  7.0  per¬ 
cent.  There  vas  also  a  statistically  significant  difference  for  drink-years 
(p*0.041).  The  lovest  rate  of  abnormalities  vas  in  the  greater  than  0  to  50 
drink-years  category  vith  9.9  percent;  the  corresponding  percentages  for  the 
0  drink-year  and  greater  than  50  drink-year  categories  vere  12.7  and  14.3, 
respectively.  The  percent  abnormalities  in  the  lov,  medium,  and  high  combat 
index  categories  vere  9.8,  9.4,  and  13.2,  respectively  (p-0.027). 

The  adjusted  analysis  shoved  no  significant  difference  betveen  the  Ranch 
Hand  and  Comparison  groups  (p«0.431).  In  this  analysis,  age  (p*0.002),  race 
(p«0.026),  education  (p<0.001),  and  combat  index  (p-0.043)  vere  statist  ^ally 
significant  covariates. 
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Hysteriu 


Based  on  the  unadjusted  analysis  of  the  MHPI  hysteria  scale,  the  dif¬ 
ference  between  the  tvo  groups  approached  statistical  significance  (p-0.067' . 
The  percent  abnormalities  were  12.1  and  9.7  for  the  Ranch  Rand  and  Conpari^.n 
groups,  respectively.  The  estimated  relative  risk  vas  1.29  with  a  95  percent 
confidence  interval  of  0.99  to  1.67. 

The  covariate  tests  of  association  shoved  that  there  vere  statistically 
significant  differences  for  age  (p-0.044),  education  (p<0.001),  and  cr ink- 
years  (p-0.006).  There  vere  12.6  percent,  12.1  percent,  and  8.9  percent 
abnormalities  in  the  age  categories  born  in  or  after  1942,  born  between  1923 
and  1941,  and  born  in  or  before  1922,  respectively.  The  high  school-educated 
category  had  a  higher  percentage  of  abnormalities  (12. 92)  than  the  college- 
educated  category  (8.2X).  The  drink-years  category  vith  the  lowest  per¬ 
centage  of  abnormalities  vas  greater  than  0  to  SO  vith  9.6  percent;  the 
0  drink-years  and  the  greater  than  50  drink-years  categories  had  14.0  and 
14.9  percent  abnormalities,  respectively. 

The  adjusted  analysis  also  approached  significance  (p-0.077).  The 
adjusted  relative  risk  vas  1.27  with  95  percent  confidence  bounds  of  0.97  and 
1.66.  Age  and  education  vere  statistically  significant  covariates  in  the 
adjusted  model  (p-0.003,  p<0.001,  respectively).  Drink-years  vas  marginally 
significant  (p«0.068)  in  the  presence  of  other  covariates,  but  vas  not 
included  in  the  final  adjusted  model. 


Manim/Hypomania 

For  the  unadjusted  analysis  of  the  mania/hypomania  scale  of  the  MMPI, 
there  vas  no  statistical  difference  between  the  Ranch  Hand  and  the  Comparison 
groups  (p-0.611). 

In  the  covariate  tests  of  association,  there  vere  statistically  signifi¬ 
cant  differences  for  drink-years  and  combat  index  (p-0.011,  and  p-0.001, 
respectively).  For  the  mania/hypomania  scale,  the  0  drink-years  category  had 

6.7  percent  abnormalities,  the  greater  than  0  to  50  drink-years  category  had 

5.8  percent,  and  the  greater  than  50  drink-yeats  category  contained  10.2  per¬ 
cent.  The  frequencies  of  abnormalities  increased  from  the  lov  to  the  high 
level  of  the  combat  index;  the  percentages  vere  5.0,  5.3,  and  9.4, 
respectively. 

Based  on  the  adjusted  analysis,  there  vas  no  statistically  significant 
difference  between  the  tvo  groups  (p-0.203).  Drink-years  vas  a  significant 
covariate  (p-0.006),  as  vas  the  age-by-coabat  index  interaction  (p-0.046). 


Masculini ty/Feainini ty 

The  masculinity/ femininity  scale  of  the  MKPI  measures  the  stereotype 
"macho"  attitudes  of  the  test  subjects.  There  vas  a  statistically  signif¬ 
icant  group  difference  for  this  scale  of  the  MMPI,  unadjusted  for  covariates 
(p-0.017).  There  vas  a  higher  percentage  of  abnormalities  in  the  Comparison 
group  (9.32)  than  in  the  Ranch  Hand  group  (6. 5X).  The  estimated  relative 
risk  vas  0.68,  and  the  95  percent  confidence  interval  vas  0.50  to  0.93. 
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There  was  a  statistically  significant  difference  detected  for  age 
(p-0.005)  and  for  education  (p<0.001),  based  on  the  pooled  group  data  in  the 
covariate  tests  of  association.  The  highest  rate  of  abnormalities  was  found 
in  men  born  in  or  after  1942  ( 10 . 2% ) ;  whereas  those  born  between  1923  and 
1941  had  6.4  percent ,  and  those  born  in  or  before  1922  had  8.0  percent.  For 
education,  the  college-educated  category  showed  an  abnormal  rate  of  10.3  per¬ 
cent  versus  the  high  school  category  with  6.2  percent  abnormalities. 

The  adjusted  analysis  also  showed  a  statistically  significant  difference 
between  the  two  groups  (p>0.020),  with  an  adjusted  relative  risk  of  0.69  (95Jt 
C.I.:  [0. 50, 0.95]).  Education  and  a  race-by-age  interaction  were  statisti- 
ca?.l'y  significant  in  the  adjusted  analysis  (p<0.001,  p-0.008,  respectively). 
These  covariate  associations  follow  expectations. 


Inranoia 

The  unadjusted  analysis  of  the  MHPI  paranoia  scale  did  not  reveal  a 
statistically  significant  group  difference  (p-0.187). 

Based  on  the  pooled  group  data,  the  covariate  test  of  association  for 
age  vas  statistically  significant  (p-0.022).  There  vas  3.6  percent  abnor¬ 
aalities  for  men  born  in  or  after  1942,  2.0  percent  for  those  bom  between 
1923  and  1941,  and  no  abnormalities  for  men  born  in  or  before  1922.  The 
adjusted  analysis  revealed  a  significant  group-by-age  interaction  (p»0.036). 
The  age-by-coabat  index  interaction  was  also  statistically  significant 
(p«0.003).  The  group  interaction  was  examined  by  combining  the  participants 
born  betveen  1923  and  1941  with  those  born  in  or  before  1922,  and  basing  the 
test  on  two  age  categories  (born  in  or  after  1942  and  born  before  1942),  due 
to  problems  with  0  counts  (see  Table  J-4  of  Appendix  J).  The  analysis  showed 
a  higher  percentage  of  abnormal  Ranch  Hands  than  abnormal  Comparisons  for 
participants  born  before  1942  (2.7X  and  1.2X,  respectively;  p-0.027).  The 
relative  risk  estimate  for  this  age  category  was  2.63  (95X  C.I.t  [1.11,6.20]). 
In  contrast,  for  the  stratum  born  in  or  after  1942,  the  frequencies  of 
abnormalities  were  nearly  the  same  in  each  group  (3.7X  for  Ranch  Hands, 

3.5X  for  Comparisons;  p*0.712). 


Psychopathic/Deviate 

No  significant  difference  between  the  two  groups  was  identified  in  the 
unadjusted  analysis  of  this  MMPI  scale  (p-0.845). 

In  the  covariate  tests  of  association,  there  were  statistically  sig¬ 
nificant  differences  for  race,  education,  and  drink-years.  There  vore 
21.0  percent  abnormalities  for  Blacks  as  compared  to  11.1  percent  for  non¬ 
blacks  (p-0.001).  For  education,  there  were  13.8  percent  abnormalities  in 
the  high  school-educated  category  and  9.1  percent  in  the  college-educated 
category  (p-0.001).  The  highest  rate  of  abnormalities  in  the  drink-year 
categories  was  20.7.  percent  for  the  category  of  greater  than  50  drink-years; 
the  percent  abnormalities  for  the  0  and  greater  than  0  to  50  categories  were 
11.3  and  10.1,  respectively  (p<0.001). 

Based  on  the  adjusted  analysis,  there  vas  no  significant  difference 
betveen  the  Ranch  Hand  and  Comparison  groups  (p-0.780).  In  this  analysis, 
education  (p-0.011),  the  age-by-combat  index  interaction  (p»0.003),  and  the 
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tace-by-drink-year  interaction  (p«0.0l5)  were  statistically  significant 
adjusting  variables. 


Schizophrenia 

The  unadjusted  tests  shoved  no  significant  difference  betveen  the  Ranch 
Hand  and  Comparison  groups  for  the  HHPI  schizophrenia  scale  (p«0.228). 

Based  on  the  pooled  group  data,  the  covariate  tests  of  association 
revealed  that  education  (p<0.001)  and  drink-years  (p-0.014)  had  statistically 
significant  effects.  The  high  school-educated  category  had  a  statistically 
significant  higher  rate  of  abnormalities  (11. OX)  than  the  college-educated 
category  (5.4X).  For  drink-years,  the  highest  percent  of  abnormalities  was 
in  the  greater  than  50  drink-year  category  (12.6X),  followed  by  the  0  drink- 
year  category  with  8.7  percent,  and  the  greater  than  0  tc  50  drink-year 
category,  vhich  had  7.7  percent  abnormalities. 

In  the  adjusted  analysis,  the  group- by-education  interaction  was  sig¬ 
nificant  (p:»0.01Q)  (see  Table  J-4  of  Appendix  J).  The  race-by-drink-year 
interaction  vas  also  statistically  significant  (p*0.017).  Analysis  of  the 
high  school  and  college  strata  shewed  a  higher  percentage  of  abnormal  Ranch 
Hands  than  abnormal  Comparisons  in  the  high  school  classification  (13. 4X 
versus  9. 51,  respectively;  p*0.033).  The  relative  risk  estimate  for  high 
school  participants  vas  1.51,  with  95  percent  confidence  bounds  of  1.05  and 
2.16.  The  college-educated  stratum  revealed  a  nonsignificant  group  dif¬ 
ference,  but  the  Ranch  Hands  had  a  lover  cate  of  schizophrenia  abnormalities 
than  the  Comparison  group  (4. IX  and  6.3X,  respectively). 


Social  Introversion 

Bated  on  the  unadjusted  analysis,  the  difference  betveen  the  tvo  groups 
approached  significance  (p«Q.069).  The  Ranch  Band  group  had  2.6  percent 
abnormalities  as  contrasted  to  1.5  percent  abnormalities  in  the  Comparison 
group.  The  95  percent  confidence  bounds  on  :hi  estimated  relative  risk  of 
1.76  were  0.97  and  3.20. 

Age  vas  the  only  statistically  significant  covariate  (p»0.003).  The 
participants  who  were  born  in  or  after  1942  had  a  higher  percentage  of 
abnormalities  (3. IX)  than  either  those  born  betveen  1923  and  1941  or  those 
born  in  or  before  1922;  both  of  these  latter  age  categories  had  a  1.1  percent 
frequency  of  abnormalities.  Education  vas  of  marginal  significance  (p-0.099) 
with  2.4  percent  of  the  high  school-educated  participants  scored  as  abnormal 
as  compared  to  1.4  percent  of  the  college-educated  participants.  The  g-'oup- 
by-combat  index  interaction  vas  statistically  significant  in  the  adjusted 
analysis  (p-0.037)  (see  Table  J-4  of  Appendix  J). 

The  analysis  of  the  group-by-combat  index  interaction  shoved  a  dif¬ 
ference  within  the  lov  (0)  combat  index  category  vith  the  Ranch  Hand*  having 
a  significantly  higher  percentage  of  abnormalities  than  the  Comparisons  (5.6X 
and  1.2X,  respectively;  p-0.002).  The  adjusted  relative  risk  for  this  combat 
index  category  vas  4.86,  vith  a  95  percent  confidence  interval  of  1.77  to 
13.36.  The  medium  and  high  combat  index  strata  shoved  no  statistically 
significant  group  differences  (p«0.478,  p-0.677,  respectively).  In  this 
adjusted  model,  age  also  had  a  significant  effect  (p«0.004). 
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Validity 


For  the  MMPI  validity  scale,  the  unadjusted  tests  shoved  no  significant 
difference  between  the  Ranch  Hand  and  Comparison  groups  (p«0.540). 

The  covariate  tests  of  association  shoved  that  Blacks  had  a  signifi¬ 
cantly  higher  frequency  of  abnormalities  (35.01)  than  nonblacks  (20.51) 
(p<0.001).  The  adjusted  analysis  revealed  a  statistically  significant  group- 
by-race  interaction  (p-0.012).  A  covariate  interaction,  age-by-combat  index, 
vas  also  found  to  be  statistically  significant  (p>0.030).  Further  investi¬ 
gation  of  the  group  interaction  disclosed  a  higher  percentage  of  Black 
Comparisons  vith  scores  greater  than  0  than  Black  Ranch  Hands  (*2.21,  25.01, 
respectively),  vith  an  adjusted  relative  risk  of  0.46  (p>0.038,  951  C.I.r 
[0.22,0.96]).  In  contrast,  the  nonblack  stratum  revealed  a  slightly  higher 
proportion  of  abnormalities  in  the  Ranch  Hands,  vith  an  adjusted  relative 
risk  of  1.20  (951  C.I.:  [0.97,1.49],  p-0.095)  (see  Table  J-4  of  Appendix  J). 


Cornell  Medical  Index  (CHI) 

Throe  variables  derived  from  the  CHI  vera  analysed:  the  total  CMI,  M-R 
subscore,  and  the  A-H  area  subscore.  The  total  CMI  vas  analysed  as  a 
continuous  variable,  using  a  log  (X+l)  transformation,  vhere  X  vas  the  number 
of  affirmative  answers.  Based  on  the  Kolmogorov-Smitnov  test,  the  distri¬ 
butions  of  the  Ranch  Hand  and  Comparison  total  CMI  scores  vere  contrasted. 

For  this  set  of  analyses,  the  data  vere  stratified  separately  by  the  covari¬ 
ates  of  age,  race,  education,  current  alcohol  use,  and  occupation.  The 
unadjusted  analysis  of  total  CMI  vas  based  on  the  tvo -sample  t-test.  Analy¬ 
sis  of  variance  and  tvo-sample  t-tests  vere  used  to  analyze  the  covariatea. 
and  the  adjusted  analysis  on  the  total  CHI  vas  based  on  analysis  of 
covariance  techniques,  using  SAS*-GLM.  Age  vas  analysed  as  a  continuous 
variable  in  the  adjusted  analysis.  Using  a  tvo-sided  <*- level  of  0.05,  and 
vith  pover  of  0.80,  the  sample  sizes  vere  sufficient  to  detect  a  10.2  percent 
mean  shift  in  the  total  CMI  score  relative  to  the  mean  observed  in  toe 
Comparison  group. 

Pearson's  chi-square  test  vas  used  to  conduct  the  unadjusted  analyses 
and  the  covariate  tests  of  association  of  the  M-R  subscoro  and  the  A-H  area 
subscors,  vhich  vere  trichotoaized  into  low,  medium,  end  high  classes.  The 
adjusted  analyses  of  these  tvo  variables  vere  conducted  by  log-linear  tech¬ 
niques  using  BMDPv  -4F. 

In  all  three  CMI  variables,  a  higher  score  is  associated  vith  a  higher 
degree  of  abnormality. 

The  results  of  the  unadjusted  analysis,  eov? riate  tests  of  association, 
and  the  adjusted  analyses  on  the  three  CHI  variables  are  summarised  in 
Tables  12-5  to  12-7,  respectively.  As  discussed  for  the  NMFI  variables,  the 
results  of  the  covariate  tests  of  association  for  curront  alcohol  use  and  for 
occupation  are  provided  in  the  summary  table  for  information  only. 
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TAH*  12-5. 

Unadjusted  Analyses  for  the  Coreell  Medical  I*d«  (OH)  tj  Group 
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TABU  12-6 


Association  Betveen  CHI  Variable  and  tha  Co  variates 
in  tha  Coablnnd  Ranch  Band  and  Comparison  Groups 


Currant* 


CHI 

Variable 

Ago 

Race 

Education 

Drink- 

Tears 

PTSD 

Alcohol 

Use 

Occupation* 

Total 

<0.001 

NS 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

CHI 

N-R 

<0.001 

0.022 

<0.001 

NS* 

<0.001 

0.043 

<0.001 

Subscora 

A-H  Aran 

<0.001 

NS 

<0.001 

<0.001 

<0.001 

0.010 

<0.001 

Subscora 


NS<  Not  significant  (p>0.10). 

NS*»  Borderline  significant  (0.05<p<0.10). 
**Not  us ad  in  adjustad  analyses. 
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Adjusted  Analyses  for  GMI  Variables  by  Group 
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•Additional  Abbreviations: 

PTSD:  Post-Trauoatic  Stress  Disorder 

****Group-by-covariate  interaction— adjusted  seen,  confidence  interval,  and  p-value  not  presented. 
_ No  relative  risk  given  for  total  CKI,  which  was  analyzed  as  a  continuous  variable. 


Distributional  Analyses 


Tha  Kolmogorov-Smirnov  tests  shovad  s‘ itistically  significant  differ- 
ancas  batvaan  tha  Ranch  Band  and  Comparison  distributions  for  tha  total  CHI 
for  ona  catagory  for  aach  of  tha  covari aces.  For  age,  tha  distribution  of 
Ranch  Hands  born  in  or  aftar  1942  vas  statistically  diffarant  froa  tha 
corrasponding  distribution  for  tha  Comparisons  (p<0.001).  Tha  distributions 
of  tha  nonblack  Ranch  Hand  and  Comparison  rasponsas  also  dif farad  signif¬ 
icantly  (p-0  003).  Tha  contrast  of  tha  high  school-aducatad  Ranch  Hana  and 
Comparison  distributions  ravaalad  a  statistically  significant  diffaranca 
(p<0.001).  Tha  distributions  for  Ranch  Hand  and  Comparison  currant  drinkars 
were  also  statistically  diffarant  (p-0.024).  For  occupation,  tha  enlisted 
groundcrav  distributions  for  Ranch  Hands  and  Comparisons  vara  statistically 
diffarant  (p-0.007).  Excapt  for  tha  covariafe  aga,  all  significant  dif far- 
encas  in  distributions  for  aach  covariata  vara  found  in  tha  catagory  having 
tha  largest  sample  size.  Tha  results  of  tha  12  Rwlaogorov-Sairnov  tests  are 
summarized  in  Table  J-5  of  Appendix  J. 


Unadjusted  and  Adjusted  Analyses 


Total  Cornell  Nodical  Index 

Based  on  tha  unadjusted  analysis,  as  depicted  in  Table  12-5,  tha  total 
CKI  naans  of  the  Ranch  Hand  and  Comparison  groups  vara  statistically  differ¬ 
ent  (p<0.00l).  The  mean,  as  transformed  from  tha  log  (1+1)  scale,  of  tha 
1,000  Ranch  Hands  vas  11.74  as  compared  to  10.42  for  the  Comparisons. 

Tha  covariata  tests  of  association  identified  that  aga,  education, 
drink-years,  and  PTSD  vara  highly  significant  (p<0.001  for  all).  For  age, 
the  (transformed)  means  of  tha  categories  shoved  an  increase;  the  means  of 
those  born  in  or  after  1942,  batvaan  1923  and  1941,  and  in  or  before  1922 
vara  10.08,  11.49,  and  14.53,  respectively.  The  mean  of  the  high  school- 
educated  catagory  (12.97)  vas  statistically  higher  than  tha  mean  of  tha 
collage-educated  catagory  (8.99).  The  mean  of  the  greater  than  50  drink- 
years  vas  14.49  as  coupared  to  naans  of  10.37  and  10.34  for  the  0  and  greater 
than  0  to  50  drink-years,  respectivelyo  Tha  aeon  of  the  participants  vlth  a 
positive  measure  of  PTSD  vas  71.77,  vharaas  10.83  vas  tha  mean  of  those 
without  a  positive  measure  of  PTSD. 

In  thw  adjusted  analysis,  thara  vas  a  significant  group-by-educatlon 
interaction  (p-0.^3).  Further  analysis  of  the  interaction  (see  Table  J-4  of 
Appendix  J)  shovad  that  tha  high  school-aducatad  Ranch  Bands  had  a  higher 
adjusted  naan  total  CMI  than  tha  high  school-aducatad  Comparisons  (p<0.001). 
No  significant  diffaranca  vas  seen  in  tha  collage  stratum.  PTSD  vas  a 
significant  covariata  (p<0.001).  Tha  covariata  interactions,  race-by-urink- 
yaars  and  age-by-education,  vara  also  significant  in  tha  adjusted  nodal 
(p-0.039,  p-0.005,  respectively). 


M-R  Subscore 

Tha  results  of  the  unadjusted  analysis  on  tha  H-R  subscore,  an  indicator 
of  emotional  health,  revealed  no  significant  difference  batvaan  groups 
(p-0.252), 


The  covariate  test?  of  association  on  the  pooled  group  data  shoved  that 
age  (p<0.001),  race  (p«0.022),  education  (p<0.001),  and  PTSD  (p<0.001)  vere 
statistically  significant  covariates.  For  age,  participants  born  in  or  after 
1942  had  a  higher  percentage  of  scores  greater  than  0  when  compared  to  the 
other  categories.  Blacks  had  a  higher  percentage  of  scores  greater  than  0 
than  nonblacks.  For  education,  the  college-educated  category  had  a  higher 
percentage  of  0  scores.  The  M-R  subscores  vere  distributed  differently  for 
participants  vith  and  vithout  PTSD.  For  example,  15  of  16  participants  vith 
PTSD  had  an  M-R  subscore  greater  than  10,  vheraas  only  4.2  percent  of  the 
participants  vithout  PTSD  had  a  similar  score.  Drink-years  shoved  a  margin¬ 
ally  significant  effect  (p-0.054);  the  greater  than  50  diink-year  category 
exhibited  the  largest  percentage  of  participants  vith  scores  greater  than  0. 

No  significant  difference  betVeen  the  tvo  groups  vas  identified  in  the 
adjusted  analysis.  There  vas  a  marginally  significant  group- by-education 
interaction  (p-0.067).  Further  investigation  of  this  interaction  (see  Table 
J-4  of  Appendix  J)  shoved  a  significant  difference  for  the  high  school- 
educated  stratum  (p-0.030)  but  not  for  the  college-educated  stratum.  This 
difference  results  from  the  contrast  cf  the  medium  (1  to  10)  and  low  (0) 
categories,  vith  the  Ranch  Bands  having  a  higher  percentage  of  participants 
in  the  medium  category  for  the  M-R  subscoro  than  in  the  lev  category  (Adj. 

RR:  1.37,  95%  C.I.t  [1.07,1.75],  p>0.014).  In  this  analysis,  age,  education, 
and  PTSD  vere  highly  significant  adjusting  variables  (p<0.001  for  all). 


A-B  Area  Subscore 

Based  on  the  unadjusted  results,  the  A-B  area  subscore — an  indicator  of 
diffuse  medical  problems — revealed  a  significant  difference  betveen  the  Ranch 
Band  and  Comparison  groups  (p«0.003).  This  vas  due  to  the  increased  percent¬ 
age  of  Ranch  Hands  over  Comparisons  in  both  the  medium  (1  to  3)  ano  the  high 
(4  to  8)  categories  (p-0.003,  p-0.013,  respectively). 

The  covariate  tests  on  the  A-H  area  subscore  shoved  that  age,  education, 
drink-years,  and  PTSD  vere  highly  significant  covariates  (p<0.901  for  all). 
Older  participants  (born  in  or  before  1922)  had  the  lovest  percentage  of 
0  scores.  The  college-educated  category  had  a  higher  percentage  of  0  scores 
than  the  high  school-educated  category.  For  drink-years,  the  lovest  percent¬ 
age  of  0  scores  vas  in  the  greater  than  50  drink-years  category.  Tvelve  of 
16  participants  vith  PTSD  had  scores  of  4  to  8,  as  compared  to  9.7  percent  of 
participants  vithout  PTSD. 

Results  of  the  adjusted  analysis  vere  similar  to  the  unadjusted  analysis 
and  indicated  that  the  tvo  groups  vere  statistically  different  tp«0.040). 

The  overall  group  difference  vas  predominately  due  to  an  increased  adjusted 
percentage  of  Ranch  Hands  over  Comparisons  in  the  medium  (1  to  3)  versus  lov 
(0)  contrast  (p«0.011).  The  adjusted  relative  risk  for  this  contrast  vas 
1.27  vith  95  percent  confidence  bounds  of  1.06  and  1.53.  In  the  adjusted 
model,  age,  education,  and  PTSD  vere  significant  covariates  (p<0.001  for 
all);  drink-years  vas  also  statistically  significant  (p-0.014). 


Hals tead-ftei tan  Battery  (HM) 

The  unadjusted  analysis  of  the  impairment  index,,  the  one  vtriable  from 
the  HRB,  vas  performed  by  using  Fisher's  exact  test.  Fisher's  exact  test  and 
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Pearson's  chi-squart  test  vere  used  to  conduct  the  covariate  tests  of  asso¬ 
ciation.  The  adjusted  analysis  vas  based  on  logistic  regression  techniques 
using  BHDP+-LR.  The  results  of  the  analyses  of  the  HUB  impairment  index  are 
summarised  in  Tabic  12-8. 

The  unadjusted  contrast  of  the  1,006  Bench  Hand  scores  and  the  1,283 
Comparison  scores  for  the  HRB  impairment  index  revealed  no  statistically 
significant  group  differences  (f-0.533). 

The  covariate  tests  of  association  shoved  that  age,  race,  and  education 
vere  highly  significant  ccvariates  (p<0.001  for  all),  and  drink-years  also 
its  statistically  significant  (p»0.002).  For  age,  the  highest  percent 
frequency  of  abnormalities  vas  in  the  category  of  participants  born  in  or 
before  1922  (66. 32);  the  corresponding  frequencies  for  the  participants  born 
betvean  1923  and  1941  and  for  those  born  in  or  after  1942  vere  38,3  percent 
and  25.1  percent,  respectively.  Blacks  had  a  significantly  higher  percentage 
of  abnormal  scores,  vith  57.1  percent  as  compared  to  32.3  percent  for  non¬ 
blacks.  The  college-educe**d  category  had  a  22.3  percent  frequency  of 
abnormalities  versus  43.5  percent  for  the  high  school -educe ted  category. 

Vith  respect  to  drink-years,  the  highest  percentage  of  abnormalities  (41.22) 
vas  for  greater  than  50  drink-years;  the  0  drink-year  and  greater  than  0  to 
50  drink-year  categories  had  38.0  percent  and  32.0  percent,  respectively. 

There  vas  no  significant  difference  identified  betvean  the  tvo  groups 
based  on  the  adjusted  analysis  (p-0.697).  age,  race,  and  education  vere 
statistically  significant  cov&riates  (p<0.001  for  all). 


BZPOSUU  DUX  ANALYSIS 

Exposure  index  analyses  vere  conducted  within  each  occupational  cohort 
of  the  Ranch  Hand  group  (see  Chapter  8  for  details  on  the  exposure  index). 

All  variables,  except  the  total  CHI,  vere  investigated,  (unadjusted  for  any 
covarlates),  using  Pearson's  chi-square  test  and  Fisher's  exact  test. 

Analyses  of  th«  total  CHI  vere  accomplished  by  t-tests  and  analysis  of  vari¬ 
ance  and  covariance  techniques.  A  log  transformation  vaj  used  in  both 
adjusted  and  unadjusted  analyses,  and  participants  vith  PTSO  vere  deleted. 
Adjusted  analyses  vere  performed  using  logistic  regression,  incorporating  the 
covariates  of  race,  age,  education,  and  drink-years,  as  veil  as  any  signif¬ 
icant  pairvise  interactions  between  the  exposure  index  and  these  covariates. 
Age  vas  treated  as  a  continuous  variable  in  the  analyses.  For  the  HMPI  vari¬ 
ables,  combat  index  vas  also  included  as  a  covariate.  For  the  HRB  impairment 
index,  participants  classified  as  having  PTSD  vere  deleted  from  the  analysis. 
The  H-R  subscore  and  the  A-H  area  subscore  wre  collapsed  into  2  categories 
for  analysis:  0  and  greater  than  0.  Participants  vith  PTSD  vera  also 
deleted  from  this  analysis. 

Overall  significance  in  the  proportion  of  abnormalities  among  the 
exposure  index  levels  of  lov,  medium,  and  high  vas  determined,  as  veil  as 
contrasts  in  the  proportion  of  abnormalities  between  the  medium  and  lov 
exposure  levels,  and  betveen  the  high  and  lov  exposure  levels.  Results  of 
the  adjusted  analyses  are  presented  in  Table  12-9,  and  parallel  results  for 
unadjusted  analyses  are  presented  in  Table  J-6  of  Appendix  J.  Results  from 
further  study  of  exposure  index-by-covariate  interactions  are  given  in  Table 
J -7  of  Appendix  J. 
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TAILS  12-9.  (contiaued) 
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TABLE  12-9.  (continued) 


9) 

9 

> 

i 

a 


1 


« 

> 

u 


V 

u 

s 


s 

u 

•  • 

8-  01 

Jd  « 

W  01 
X  ■*«  U 

u  u  m 

•  si 

-U  « 

1  3s 

•04  m  -+ 
W  u  ** 

&  .  3 

3  1  3 

5  me 

s  *: 

*M  lx 

w  • 

e  *o 

-  %x 

m  o 

r*  MU 

j»  u  a 
«  x 

•**  u  c 

U  MO 
m  **  m 
>  c  «- 


u 

o 


•  I 

«m  U  O 

M  >M 
M  U  0 

H 

■S 

a  si  5 

}  ! 

m  **4 1+ 

3  .?  | 

fH  U  M  ft 


M 

M 

O 

M 

01 

M 

S 

« 

01 

« 

u 

a 

« 

u 


e 

■» 


M 

u 

3  _ 
IS 
8  - 
-1 
Sc 

•u  « 

?s 

as. 


u 

to 

> 

01 

l 


\ 


■* 

N 

>> 


i 

JS 

u 

■f 


"8 

M 

u 

« 

> 

c 

o 

o 


u  . 

,  S 

u 

9 

01 

u 

s 

ss 

01  f« 

is 

!  1 

a 

8. 

as 

8  S 

X 

« 


X 

« 


X 

« 


ft  *M 


■ft 

■0 

* 

■0 


■0 

ft 

ft 

ft 


m 

'm 

« 

« 

ft 

ft 


ft 

« 

■ft 

•ft 


<n 

'mf 

■ft 

•ft 

•ft 


« 

M 

o 


u 

o 


s 

> 


u 

« 


§ 


12-36 


i 


1 

i 


I 


Unadjusted  analyses  revealed  a  borderline  significant  difference  between 
the  high  and  lov  exposure  levels  for  aascullnity/feaininity  in  officers  'Bst. 
RR:  2.38,  95X  C.I.t  (0.94,6.061,  p-0.075),  and  for  the  total  CMI  in  offi^srs 
(lov  aeans  7.99,  high  aeans  10.04,  p*0.018;  overall  p- values  0.049).  These 
data  supported  an  increase  in  the  proportion  of  abnoraalitles  vith  increasing 
exposure  levels.  Other  significant  or  Marginally  significant  results  were 
associated  vith  a  decrease  in  the  proportion  of  abnoraalitles  vith  an 
increase  in  exposure  level. 

The  frequency  of  abnoraalitles  for  the  different  exposure  index  levels 
exhibited  no  graduated  pattern  across  exposure  levels.  VI thin  the  officer 
stratus,  five  variables  demons t rated  an  jncraaaing  dose-response  relation¬ 
ship,  although  usually  nonsignificant;  hovever,  four  variables  shoved  the 
opposite  pattern,  that  is,  a  decreasing  proportion  of  abnoraalitles  vith 
increasing  exposure  levels. 

Fev  significant  results  ware  observed  in  the  adjusted  analysis,  as  in 
the  unadjusted  analysis.  The  aediua  level  of  the  HRB  iapairaent  index  for 
enlisted  flyers  shoved  an  increased  relative  risk  over  the  lov  level  (Adj. 

RR:  2.28,  95X  C.I.*  [0.96,3.44],  p«0.063).  Many  exposure  index-by-covariate 
interactions  vere  present,  hovever  which  prevented  a  direct  coaparlson. 

Interactions  vere  present  for  13  of  the  18  variables,  but  no  occupa¬ 
tional  stratus  vas  predoainant.  A  suaaary  of  these  interactions  is  presented 
in  Table  12-10. 


TABU  12-10. 

Suaaary  of  Kxposure  Xndex-by-Covariate  Interactions 
in  Adjusted  Analyses  of  Psychological  Variables 


Variable 

Occupation 

Covarlate 

p-Value 

Anxiety 

Enlisted  Groundcrev 

Race 

0.020 

Denial 

Officer 

Age 

0.048 

Depression 

Enlisted  Groundcrev 

Race 

0.050 

Hypochondria 

Officer 

Education 

0.005 

Hypochondria 

Enlisted  Groundcrev 

Race 

0.033 

Hysteria 

Officer 

Education 

0.018 

Hysteria 

Enlisted  Groundcrev 

Race 

0.007 

Mania/Hypoaania 

Officer 

Drink-Tears 

0.015 

Masculint  ty /Feaini ty 

Officer 

Education 

0.018 

Paranoia 

Officer 

Age 

0.044 

Paranoia 

Enlisted  Flyer 

Age 

0.004 

Paranoia 

Enlisted  Groundcrev 

Race 

0.055  (Marginal) 

Psychopathic/Deviate 

Enlisted  Groundcrev 

Education 

0.040 

Total  CKI 

Officer 

Drink-Tears 

0.034 

Total  CMI 

Enlisted  Flyer 

Education 

0.027 

Total  CMI 

Enlisted  Flyer 

Drink-Tears 

0.021 

M-R  Subscore 

Enlisted  Flyer 

Drink-Tears 

0.042 

A-H  Area  Subscore 

Enlisted  Flyer 

Education 

0.009 

A-H  Area  Subscore 

Enlisted  Flyer 

Drink-Tears 

0.004 

HRB  lapairaent  Index 

Enlisted  Groundcrev 

Race 

0.031 
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Significant  or  borderline  significant  raaults  in  thasa  intaractions, 
suggastiva  of  a  dose-response  relationship  (i.e.,  increasing  abnoraalitias  or 
aora  abnocaal  aaans  as  axposura  incraasas),  vara  as  follovst 

(1>  Hysteria  in  college-educated  officers,  overall  p-valua  •  0.025} 
high  varsus  lov  contrast  (Adj.  RR:  .1.49,  951  C.I.:  (1.17,10.32], 
p.0,024);  incraasa  in  tha  proportion  of  abnoraalitias  with 
increasing  axposura  lavals. 

(2)  Hania/Bypoaania  in  officars  vith  graatar  than  50  drink-years,  high 
varsus  lov  contrast,  p«0.067}  analysis  affactad  by  sparse  cell 
sixes,  hovavar. 

(3)  Hasculinity/Faaininity  in  collage-educated  officars,  aediua  varsus 
lov  contrast  (Adj.  Mi  3.05,  95Z  C.I.t  [1.01,9.08],  p«0.048)} 
incraasa  in  tha  proportion  of  abnormalities  vith  incraasing 
exposure  lavals. 

(4)  Total  CHI  in  high  school-educated,  nondrinking,  enlisted  flyers, 
aediua  varsus  lov  contrast,  puO.018. 

(5)  Total  CHI  in  college-educated,  nondrinking,  enlisted  flyers, 
overall  p-valua  <0.060}  analysis  affactad  by  sparse  cell  sixes, 
hovavar . 

(6)  M-R  subscore  in  nondrinking,  enlisted  flyers,  overall  p-value  - 
0.060}  analysis  affactad  by  sparse  cell  sixes,  hovavar. 

(7)  A-H  area  subscora  in  high  school-educated,  nondrinking,  enlisted 
flyers,  overall  p-value  -  0.007}  analysis  affected  by  sparse  call 
sixes,  hovavar, 

(8)  HRB  impairment  indvix  in  nonblack  enlisted  groundcrev,  aediua  varsus 
lov  contrast  (Adj.  RRi  1.88,  951  C.I.t  [1.09,3.25],  p-0.024). 


All  other  significant  interaction  results  vara  not  consistent  vith  a 
dosa-rasponsa  ralationship. 

In  summary,  no  consistent  or  strong  patterns  of  Incraasing  dosa-rasponsa 
ralationship  vara  evident  throughout  tha  psychological  exposure  index 

analyses. 


UMdnnUIAL  ANALYSIS 

Two  scales  for  tha  MMPI,  depression  and  denial,  vara  significantly 
different  by  group  at  Baseline  and  vara  investigated  to  assess  the  longi¬ 
tudinal  differences  betveen  tha  1982  Baseline  examination  and  tha  1985 
follovup  examination.  Both  variables  are  scores  and  vara  classified  cs 
abnormal  or  normal  according  to  criteria  given  previously.  These  variables 
have  been  stratified  by  education  level.  As  shovn  in  Table  12-11,  2x2  table# 
vert  constructed  for  each  group  for  each  variable.  These  tables  shov  the 
nuaber  of  participants  vho  vara  abnoraal  at  Baseline  and  abnormal  at 
follovup,  abnormal  at  Baseline  and  normal  at  follovup,  normal  at  Baseline  and 
abnoraal  at  follovup,  and  normal  at  both  Baseline  and  follovup  examinations. 
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nu  12-11, 


Longitudinal  Analysis  IUpficn  nd  texiali 
4  Contrast  of  Bmell’a  md  First 
Fbllowjp  fiaadnat'an  Jinomlltki 


# 


Variable  Bluest  icn  GCcup 


Daprassion  Hifh 
School 


1962  1985 

Baaelina  Followup 


Odds  p-Valu* 

Ratio  (OR)*  (CR^  va/CR^ 


Collet 


ranis! 


High 

School 


Collage 


Afanocanl 

Nocaal 

H - w - i 

XMKXl  m 

Atnocaal 

59 

A8 

0.65 

.acaal 

31 

570 

0.04 

Caparison 

Afanocaal 

44 

43 

1.21 

Noraal 

52 

695 

Ranch  Bard 

AfanocMl 

U 

9 

1.11 

Nocaal 

10 

227 

0.73 

Caparison 

Afanocaal 

7 

11 

1.36 

Nocaal 

15 

276 

» - — -  a 

men  tana 

Afanocaal 

2 

5 

2.20 

Nocaal 

U 

690 

0.56 

Comparison 

Afanocaal 

6 

10 

3.20 

Nocaal 

37 

786 

^ - «-  m —  -a 

ranen  nra 

Afanocaal 

0 

3 

1.67 

Nonal 

5 

249 

0.32 

Cospan  «n 

Atm  ml 

5 

3 

4-33 

Nooj.1 

13 

236 

.....  Nuabar  'tooal  Btsalir*,  Abnocwil  Followup 

*OAi$  Ratio:  FG55T  mS^lSSSSnGSSTl^^ 
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The  odds  ratio  „iven  is  lh«  ratio  of  the  number  of  participants  vho  vara 
normal  at  tha  Baseline  and  ibnormal  at  the  follovup  to  the  number  of  partic¬ 
ipants  vho  vere  abnormal  at  tne  Baseline  and  normal  at  the  follovup  (the 
"of f -diagonal"  elements).  The  changes  in  normal/abnoraal  status  within  each 
group  are  contrasted  betveen  the  Ranch  Band  and  Comparison  groups,  and  the 
p-value  is  derived  from  Pearson's  chi-square  test  of  the  hypothesis  that  the 
pattern  of  change  in  the  two  groups  is  the  same. 

The  data  shoved  a  significant  difference  (p-0.04)  in  the  depression 
scores  in  the  two  groups  betveen  axaainations  for  the  high  school-educated 
stratum:  significantly  more  Comparisons  davaloped  depression  in  the 
interval.  Th«»  percentage  of  Ranch  Hands  vith  abnormalities  for  depression 
decreased  from  the  Baseline  examination  to  the  follovup  examination,  in 
contrast  to  the  Comparison  group,  which  shoved  an  increase  in  depression 
abnormalities.  No  significant  difference  in  the  pattern  of  change  for 
depression  vas  found  ;n  the  college-educated  stratum,  nor  vmre  any  signif¬ 
icant  differences  observed  for  denial. 


DISCUSSION 

The  HHPI  is  a  comprehensive,  self-administered  questionnaire  containing 
56b  qumstions  that  broadly  assess  behavior,  personality,  and  validity  and 
consistency  indicators  of  the  responses.  The  HMPI  data  ara  divided  into 
14  scales  that  are  not  mutually  exclusive  for  specific  qumstions.  In  this 
study,  an  additional  HMPI  scale  for  tha  characterisation  of  PTSD  is  used  to 
idantify  highly  correlated  coabat  experiances  of  tha  participants.  Pour 
combat  qumstions  verm  selected  as  a  surrogata  measure  of  PTSD,  and  an  index 
of  these  questions  is  used  as  a  covariata  i-<  all  of  tha  adjusted  analyses  of 
the  HMPI  subscales. 

Distributional  testing  for  tha  14  scales  of  the  HHPI,  stratified  by 
occupation,  yielded  no  significant  differancas  or  dlscarnible  patterns 
betveen  the  tvo  groups.  In  contrast,  both  unadjusted  and  adjusted  analyses 
shoved  significant  group  differances  for  the  denial  and  masculinity/ 
femininity  scmlms,  vith  the  Comparisons  having  highar  proportions  of  abnor¬ 
malities  than  the  Ranch  Hands.  Also?  borderline  significant  aasociations 
(0.05<p<0.10)  vere  observed  for  the  hysteria  and  social  introversion  scales, 
vith  the  Ranch  Hands  having  slightly  highar  proportions  of  abnormalities  than 
tha  Comparisons.  Tha  discrepancy  in  results  betveen  Kolmogorov-Smirnov 
distributional  testing  and  tha  rafinad  statistical  aodals  vas  also  noted  in 
the  1984  Baseline  Report. 

The  unadjusted  and  adjusted  results  vere  completely  comparable  vith 
respect  to  group  differences  vhen  direct  contrast  vas  possibla,  i.e.,  vhen  no 
group-by-covarlate  interactions  vert  presant.  Of  the  seven  group  inter¬ 
actions  noted  in  the  adjusted  analyses,  three  involved  the  covariate  of 
education,  vith  the  high  school-educated  Ranch  Hands  faring  vorse  than  high 
school-educated  Comparisons.  Further,  the  high  school  strata  usually 
exhibited  a  higher  frequency  of  abnormalities  than  the  college-educated 
.  trata.  Overall  education  shoved  a  profound  effect  either  t  >  a  main  effect 
or  by  an  interaction  vith  another  covariate.  The  strong  influence  of 
education  vas  also  detected  in  the  Baseline  data.  Analyses  using  only  the 
Original  Comparisons  often  shoved  stronger  group  differences  than  the 
analyses  based  upon  the  total  Comparison  group  (see  Tables  J-13  to  J-18  of 
Appendix  J). 
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A  direct  comparison  of  the  MMPI  results  betvaen  the  Basal ina  and 
follovup  examinations  is  hampered  by  the  small  change  in  cohorts  and  tha 
diffaranca  in  statistical  aodals.  In  general,  at  tha  followup  tha  Ranch 
Bands  aanifastad  aora  M?(PI  scala  abnoraalitias  than  tha  Comparisons,  as 
judgad  by  tha  nuabar  of.  ralativa  risks  graatar  than  ona.  However,  tha  highly 
significant  rasults  for  tha  danial  scala,  with  tha  Comparisons  having  a 
highar  prop*.-  %ion  of  abnoraalitias  than  tha  Ranch  Bands,  suggastad  that  tha 
Coaparlsons  aay  bn  underreporting  on  all  of  tha  MHPI  scalas,  and  consequently 
ajra  ralativa  risks  greater  than  ona  would  ba  expected.  A  contrast  of  tha 
adjustad  Baseline  MMPI  rasults  to  tha  adjustad  (and  unadjustad  rasults  whara 
intaractions  ara  notad  in  tha  adjustad  tasts)  rasults  of  tha  followup  suggast 
a  relatively  consistant  pattern  of  narrowing  group  diffarancas  ovar  tiaa 
(a.g.,  hypochrondria,  depression,  hystaria,  schisophrania  scalas),  either  by 
a  dacraasa  in  Ranch  Band  abnrraalitias  or  an  incraasa  of  Coaparlson  abnor¬ 
aalitias.  This  trand  was  also  suggastad  in  tha  longituuinal  analysis  of  tvo 
scalas  (daprasslon  and  danial)  although  only  tha  "favorable"  Ranch  Band 
changa  in  daprassion  for  tha  high  school  stratum  reached  statistical  signif- 
icanca.  Ovarall,  tha  followup  MHPI  data  suggastad  a  subtla,  but  consistant, 
dacraasa  in  raporting  of  concarns  (or  strangth  of  concarns)  in  tha  Ranch 
Bands. 

Only  16  participants  vara  idantifiad  as  possibly  having  PTSD  by  tha  MHPI 
subscala.  Furthar,  only  A  of  IS  coabat  axparianca  quastions  aanifastad 
strong  corralation  to  thasa  possible  PTSD  casas.  Moat  PTSD  aurvays  hava 
focused  on  U.S.  Aray  ground  parsonnal,  obscuring  diract  comparisons  to  U.S. 
Air  Porca  parsonnal  because  of  inharant  diffarancas  in  coabat  axparianca, 
education,  proportion  of  officars,  and  caraar  motivation. 

Tha  CMI  ravaalad  a  significant  group  diffaranca  for  tha  total  scora  and 
tha  A-H  araa  subscora,  with  tha  Ranch  Hands  axhibiting  highar  aaan  scoras  or 
highar  fraqucncias  of  abnormal  scoras.  Thara  was  no  group  diffaranca  for  tha 
M-R  subscora.  Thasa  results  diffarad  slightly  from  tha  distributional  toots 
vhich  showad  ona  statistically  significant  stratua,  whara  tha  Ranch  Hand  aaan 
vas  graatar  than  tha  Comparison  aaan,  for  aach  covariata  (saa  Tabla  J-5  of 
Appandix  J).  Bacausa  tha  Basalina  CMI  was  in  a  diffarant  format,  diract 
coaparlson  of  aach  psychological  paraaatar  to  tha  followup  CMI  is  not 
faaslbla.  Hovavar,  the  Basalina  CMI  notad  rtatistically  significant  group 
diffarancas  for  3  of  10  paraaatars,  vhich  is  in  approxiaata  accord  vith  tha 
aagnituda  and  diraction  of  tha  rasults  found  at  tha  followup  axaainatlon. 

This  analysis  of  tha  total  CMI  analysed  at  followup  has  sufficient  statis-  > 
tical  power  to  detect  a  aaan  diffaranca  of  ona  response  out  of  193  quastions 
(0.5X  diffaranca,  at  pover«0.8)  between  tha  groups.  Bducation  shoved  tha 
saaa  profound  affect  on  tha  adjustad  analyses  as  vas  notad  at  Basalina. 

Tha  functional  integrity  of  tha  CMS,  as  neasured  by  tha  HRB  iapairaant 
index,  shoved  no  significant  group  differences.  Thara  vas  similarity  (Adj. 
RR:  1.04,  95X  C.I.i  (0.86,1.23],  p-0.697)  in  rasults  of  tha  iapairaant  index. 
As  in  tha  Basalina  analysis,  education  vas  a  aajor  covariata  in  tha  follovup 
exaaination;  tha  additionally  strong  affects  of  age  and  race  vara  also  noted 
at  tha  follovup  axaainatlon.  Although  valid  diffarancas  exist  between  groups 
for  soaa  measures,  thara  is  no  indication  that  thasa  differences  ara  manifest 
or  confirmed  by  iapairad  CMS  function,  a  reasonable  medical  expectation  for 
chemically  induced  neurobahavioral  pathology.  Adjustment  of  tha  HRB  rasults 
for  PTSD  (not  feasible  at  the  Baseline  analysis)  suggests  that  soaa  group 
diffarancas  lack  organic  basis. 
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SUMMIT  AMD  CONCLUSIONS 


Questionnaire  data  (verified  by  aedical  record  revievs)  for  the  lifetime 
events  of  psychotic  illness,  alcohol  dependence,  anxiety,  or  other  neuroses 
disclosed  no  significant  differences  betveen  groups  for  these  conditions. 

Analyses  of  the  follovup  psychological  exaaination  emphasized  14  scales 
froa  the  Minnesota  Multiphasic  Personality  Inventory  (MMPI),  3  parameters  of 
the  Cornell  Medical  Index  (CMI),  and  the  Sals tead-Rei tan  Battery  (HRB) 
iapairaent  index. 

The  siailarity  of  the  group  distribution  for  the  14  MMPI  variables,  each 
stratified  by  the  3  occupational  categories,  vas  exaained,  and  only  2  of  the 
42  tests  approached  statistical  significance.  The  group  distributions  of  the 
total  CMI  score  vere  similarly  contrasted,  vith  separate  analyses  perforaed 
with  stratification  by  the  five  covariates  of  age,  race,  occupation,  edu¬ 
cation,  and  current  drinking  status.  For  one  stratus  of  each  of  these 
covariates,  a  significant  difference  in  the  distribution  of  the  Ranch  Hand 
and  Comparison  scores  vas  found.  In  all  cases  for  the  CMI,  the  Ranch  Hand 
aean  vas  greater  than  the  Coaparison  mean.  Distributional  analyses  using 
Original  Comparisons  generally  reflected  the  saae  results  as  those  involving 
che  total  Coaparison  group. 

Results  of  unadjusted  and  adjusted  analyses  on  all  of  the  18  psycho¬ 
logical  variables  are  given  in  Table  12-12. 

The  unadjusted  analyses  shoved  a  significant  difference  for  the  MMPI 
scales  of  denial  (p<0.001)  and  masculinity/ femininity  (p-0.017),  the  total 
CMI  (p<0.001),  and  the.  Section  A-H  area  subscore  (p-0.003).  A  borderline 
significant  difference  vas  observed  for  the  MMPI  scales  of  hysteria  (p-0.067) 
and  social  introversion  (p«0.069).  Comparisons  had  a  greater  percentage  of 
abnoraal  scores  for  the  denial  and  masculinity/ femininity  scales,  vhereas 
Ranch  Hands  shoved  adverse  findings  for  the  other  four  variables.  The  over¬ 
all  MMPI  results  have  been  interpreted  in  light  of  the  significant  increased 
denial  in  the  Comparison  group. 

The  covariates  age,  education,  drink-years,  current  alcohol  use,  and 
occupation  had  pronounced  effects  on  the  psychoicglcal  variables,  vith  a 
significant  associatl  n  or  a  borderline  signifies*:  association  vith  at  least 
tvo-thirds  of  the  18  psychological  variables.  Many  dependent  variables  in 
this  chapter  vere  affected  by  age  in  an  expected  pattern.  Very  fev  variables 
exhibited  this  pattern  of  consistency  vith  drink-years.  The  intermediate 
category  of  greater  than  0  to  50  drink-years  often  had  the  smallest  propor¬ 
tion  of  abnormalities.  The  post-traumatic  stress  disorder  (PTSD)  variable, 
derived  froa  a  subset  of  the  MMPI,  vas  strongly  associated  vith  the  CMI 
erasures,  but  not  vith  the  HRR  Impairment  Index.  Race  and  the  Vietnam  combat 
index  (used  for  the  MMPI  subscales)  had  significant  associations  vith  a 
lesser  amount  of  the  psychological  variables  (6  of  18  variables  and  3  of  14 
variables,  for  race  and  combat  index,  respectively). 

The  adjusted  analyses  vere  generally  quite  similar  to  the  unadjusted 
analyses  vith  respect  to  group  differences,  although  a  direct  coaparison  of 
these  analyses  vas  often  clouded  by  the  presence  of  a  substantial  number  of 
interactions  (six  group-by-covariate  interactions  vere  significant,  and  three 
interactions  approached  significance  (0.03<p<0. 10] ) .  The  MMPI  scales  of 
denial  and  aasculinity/feaininity  vere  statistically  significant  in  both  the 
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TABLE  12-12 


Overall  Summary  Results  of  Adjusted  end  Unadjusted 
Analyses  of  Psychological  Variables 


Direction  of 

Variable  .  Unadjusted  Adjusted  Results4 


Questionnaires 

Psychological  Illness  NS 

Psychological  Bxaainations 
MMPI 


Anxiety 

NS 

NS 

Consistency 

NS 

Itlthlt 

Defensiveness 

NS 

NS 

Denial 

<0.001 

<0.001 

C>RH 

Depression 

NS 

NS 

Hypochondria 

NS  b 

NS 

Hysteria 

NS* 

NS*b 

RH>C 

Nania/Hypomania 

NS 

NS 

Masculini ty/Feminini ty 

0.017 

0.020 

ORH 

Paranoia 

NS 

r -ychopathic/Deviate 

NS 

NS 

Schiaophrenia 

NS 

Social  Introversion 

NS*b 

*♦** 

RH>C 

Validity 

NS 

**** 

CHI 

Total  CNI 

<0.001 

**** 

M>C 

M-R  Subscore 

NS 

NS 

A-H  Area  Subscore 

0.003 

0.040 

tvH>C 

HRB 

Impairment  Index 

NS 

NS 

*RH>C  -  eore  abnormalities  in  Ranch  Hands;  ORB  -  more  abnormalities  in 
Comparisons. 

bIllnesses  include  psychosis,  alcohol  dependence,  anxiety,  and  other  neuroses. 
— Analysis  not  performed. 

NS:  Not  significant. 

NS*:  Borderline  significant  (0.05<p<0.10) . 

♦♦♦♦Interaction  involving  group. 
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adjusted  and  unadjusted  analyses,  vhere  Comparisons  shoved  an  adverse  effect 
over  Ranch  Hands.  The  A-H  area  subscore  of  the  CHI  (suggesting  diffuse 
medical  problems)  was  also  significant,  vhere  the  Ranch  Hands  had  higher  mean 
scores  than  the  Comparisons,  suggesting  the  Ranch  Hands  had  more  illness. 
Education  t'as  often  involved  in  significant  group  interactions  vlth  high 
school-educated  Ranch  Hands  demonstrating  a  higher  percentage  of  abnormal 
scores  than  high  school-educated  Comparisons.  No  yroup  differences  were 
observed  in  the.  college-educated  stratum.  The  M-R  subscore  of  the  CHI,  a 
broad  indicator  of  emotional  health,  vas  not  statistically  different  between 
the  two  groups. 

The  HRfi  impairment  index,  a  measure  of  central  nervous  system  (CNS) 
functional  integrity,  did  not  differ  significantly  betveen  the  Ranch  Hand  and 
Comparison  groups.  Strong  covariates  in  the  adjusted  analysis  were  age, 
race,  and  education. 

Because  of  alternate  statistical  models  and  slightly  different  psycho¬ 
logical  testing  parameters,  a  direct  contrast  betveen  the  psychological 
results  of  the  Baseline  and  follovup  examinations  vas  not  alvays  possible. 
However,  several  broad  patterns  vere  observed:  (1)  the  discordance  betveen 
distributional  tests  and  results  from  traditional  statistical  models  of  the 
MMPI  variables  vas  noted  vith  data  from  both  examinations;  (2)  there  vas  a 
narrowing  of  group  differences  at  the  follovup  examination  for  most  subjec¬ 
tive  variables,  either  by  a  decrease  in  Ranch  Hand  reporting,  or  by  an 
increase  in  Comparison  reporting;  and  (3)  as  at  the  Baseline,  functional  CNS 
testing,  as  measured  by  the  HRB  impairment  index,  shaved  no  group  differ¬ 
ences,  and  did  not  support  an  organic  basis  for  differences  in  self-reported 
symptomatology.  The  longitudinal  analysis  of  two  HHPI  scales,  depression  and 
denial,  shoved  a  significant  reversal  of  depression  seen  at  Baseline  in  the 
high  school-educated  Ranch  Hands. 

The  determination  of  PTSD  in  both  Air  Force  cohorts  by  a  relatively  new 
MMPI  scale  shoved  a  prevalence  rate  of  less  than  1  percent.  This  lov  rate  is 
strongly  influenced  by  characteristics  of  the  study  population  (e.g.,  \ge, 
education,  and  officer  ratio). 

Unadjusted  exposure  index  analyses  did  not  reveal  any  patterns 
consistent  vith  a  dose-response  relationship.  For  the  adjusted  exposure 
analyses,  approximately  one-third  presented  exposure  interactions  vith  the 
covarlates  of  race,  education,  and  age,  but  no  consistent  pattern  could  be 
identified. 

In  conclusion,  some  test  measures  of  psychological  health  (HHPI  and  CMI) 
did  not  shov  substantial  adverse  effects  for  either  group.  Significant  test 
results  vere  present  in  both  groups  or  vere  noted  in  specific  subgroups  of  a 
covariate.  Educational  level,  age,  and  alcohol  use  shoved  strong  effects  on 
the  psychological  scales  and  scores  in  this  psychological  assessment.  There 
vas  a  subtle  but  consistent  trend  for  more  favorable  subjective  test  results 
at  the  follovup  examination  for  the  Ranch  Hands  relative  to  the  Comparisons. 
Testing  of  the  CNS  by  the  HRB  demonstrated  an  almost  identical  prevalence  of 
pathology  in  both  groups. 
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umonocnoN 

This  system  assessment  centers  on  reported  peptic  ulcer  and  liver 
dlsaasa,  and  currant  hepatic  function  and  porphyria  as  determined  by 
comprehensive  laboratory  tasting.  The  liver  is  a  major  target  organ  for 
single  high-dosa  and  continued  low-dose  exposure  to  chlorophenols  and  TCDD. 
Pep tic/ stomach  ulcer  disease  and  porphyria  cutanea  tarda  (PCT)  are  suspected 
clinical  endpoints  following  moderate-  to  high-level  exposures. 

A  variety  of  experimental  animal  studies1-5  have  demonstrated  hepatic 
dysfunction  and  porphyria  following  a  wide  range  of  exposures  to  TCDD.  The 
effects  of  exposure,  as  measured  by  enxymatic  change,  however,  generally 
appear  to  be  more  related  to  species  than  to  dose  and  route  of  adminis¬ 
tration. 

Gross  organ  pathology  in  the  digestive  system  and  associated  clinical 
symptoms  have  been  observed  following  TCDD  oral  administration  to  (or  acci¬ 
dental  ingestion  by)  animals-  Pathological  lesions  have  included  gastric 
ulcers,  metaplasia  of  the  gastric  mucosa,  ileltus,  hepatic  hypertrophy  and 
degeneration,  hepatic  parenchymal  cell  necrosis,  aqd  hepatic  lipid  accu¬ 
mulation. 

Scientific  interest  has  centered  on  changes  in  hepatic  ensymes  following 
TCDD  administration.  Clearly,  TCDD  has  proved  to  be  an  axceptional  inducer 
of  hepatic  enzymes  and  nixed  function  oxidases,  and  a  powerful  inhibitor  of 
other  enzymes.  Specifically,  the  induction  of  cytochrome  P-450,  a  farro- 
cytochrone  enzyme,  by  TCDD  has  been  demon* trated  in  many  species  and  most  of 
their  .issues.  Further,  narked  increases  in  cytochrome  P-450  have  been 
implicated  in  the  mechanism  of  hepsto toxicity,  although  othar  factors,  such 
as  genetic  susceptibility  vis  the  Ah  locus,  iron  levels,  and  lipid  peroxi¬ 
dation  (but  not  vitamin  A),  arc  also  contributory. 

TCDD  has  also  been  shown  to  produce  hepatic  porphyria  in  animals  by  s 
reduction  in  uroporphyrinogen  decarboxylase,  possibly  due  to  the  activation 
of  the  P-450  enzyme.  The  porphyrlogenic  effect  of  TCDD  has  also  been 
influence^  by  genetic  susceptibility,  iron  levels,  sex,  and  ambient  tem¬ 
perature.  '  In  correlation  with  soma  human  studies,  hexachlorobenxene  vas 
found  to  be  more  porphyrlogenic  than  TCDD. 

Numerous  morbidity  studies,  predominantly  from  the  industrial  sactor, 
have  noted  significant  abnormal  liver  function  in  exposed  workers,  with  and 
without  the  presence  of  clinical  hepatic  disaasa.  Abnormal  liver  function 
test  results  have  been  found  for  direct  bilirubin,  alkaline  phosphatase, 
triglycerides,  cholesterol,  serum  glutamic-oxaloacetic  transaminase  (SGOT), 
gamma-glutamyl  trans peptidase  (GGTP),  urine  d-glucaric  acid,  etc.1  ~  The 
consistent  finding  of  elevated  cholesterol  levels  may  have  predictive  signif¬ 
icance  with  respect  to  future  heart  disaasa  (see  Chapter  15),  but  at  present 
there  is  no  evidence  for  this. 
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Contemporary  studies  have  focused  or  tvo  indirect  aeesures  of  hepatic 
microsomal  activity,  GGTP  and  urine  d-glucaric  acid.  In  the  study  of  the 
English  industrial  incident,  several  Seveso  investigations,  and  the  tvo 
studies  of  the  Monsanto  plant  in  Nitro,  Vest  Virginia,  there  vas  aodest 
agrrwent  in  observing  elevated  GGTP  and  urine  d-glucaric  acid  levels  in 
exposed  individuals.  '  Common  to  all  studies  vas  the  observation 

that  individuals  vith  chloracne  awnifested  significantly  sore  abnormal  liver 
function  tests  than  exposed  individuals  vithout  chloracne  or  unexposed 
individuals,  suggesting  a  link  to  TCDD  exposure. 

Several  industrial  studies  have  shovn  altered  porphyrin  excretion 
patterns  (predominantly  an  increase  in  uroporphyrin)  or  clinical  evidence  of 
POT,  particularly  in  chronically  exposed  vorkers.  ~  Individuals  vith  lov 
chronic  exposure  or  high  acute  exposure  (Seveso)  have  not  shovn  these  signs. 
Further,  detailed  revievs  of  the  suspected  association  have  identified  the 
folloving  scientific  study  design  and  interpretive  problems:  (1)  Multiple 
etiologies  of  PCT  or  abnormal  porphyrin  excretion  patterns  (cheaical 
exposure,  genetic  aakeup,  alcohol  consumption),  (2)  misdiagnosis  of  PCT,  and 
(3)  confounding  of  chemical  exposures  for  the  industrial  cohorts. 

Some  investigators  believe  that  the  PCT  cases  found  in  the  early  U.S. 
and  European  studies  vere  more  likely  caused  by  exposure  to  chlorobenzenes 
than  to  TCDD.  Overall,  the  evidence  at  present  is  inconclusive  to 
establish  a  causal  association  betveen  PCT  and  TCDD  exposure. 

A  recent  industrial  study  based  on  questionnaire  data  has  suggested  an 
association  of  stomach/ pep tic  ulcers  vith  exposure  to  TCDD.  This  finding 
at  the  Monsanto  plant  differs  from  similar  research  using  a  slightly  dif¬ 
ferent  cohort  at  the  same  plant  vhich  produced  a  negative  conclusion  on 
peptic  ulcer  disease.  The  gastric  ulcer-TCDD  association  has  not  been 
reported  in  other  cohort  dioxin  morbidity  studies,  but  ulcer  disease  has 
generally  not  been  a  major  research  focus.  The  preliminary  gastric  ulcer- 
TCDD  association  is  fortified  somevhat  by  studies  that  have  shovn  significant 
gastric  mucosal  damage  in  monkeys  folloving  oral  administration  of  TCDD. 


Baseline  Summary  lasults 

The  1982  AFHS  examination  conducted  an  extensive  evaluation  of  hepatic 
status  by  questionnaire,  physical  examination,  and  laboratory  testing.  The 
questionnaire  elicited  data  on  liver  conditions,  liver  disease,  and  symptoms 
compatible  vith  PCT,  as  veil  as  detailed  information  on  PCT  risk  factors 
(e.g.,  alcohol  consumption,  cheuical  exposures).  The  physical  examination 
measured  hepatomegaly  vhen  present  and  determined  liver  function  and  por¬ 
phyrin  patterns  by  a  comprehensive  battery  of  12  laboratory  tests. 

The  questionnaire  shoved  that  Hanch  Hands  reported  more  miscellaneous 
liver  conditions  (verified  by  medical  record  revievs)  and  more  skin  changes 
compatible  vith  PCT  than  their  Comparisons.  Although  the  PCT-reported  data 
vere  statistically  significant,  no  cases  of  PCT  vere  diagnosed  at  examination 
in  either  cohort. 

The  physical  examination  detected  a  tvofold  increase  in  hepatomegaly  in 
the  Ranch  Hands,  but  the  numbers  vere  small  and  not  statistically  signifi¬ 
cant.  Many  of  the  laboratory  test  results  demonstrated  statistical  inter¬ 
actions  vith  the  covariates.  These  interactions  can  be  interpreted  as  being 
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suggestive  of  an  herbicide  effect.  Ranch  Hands  had  slightly  higher  GGTP  and 
lactic  dehydrogenase  (LOH)  results  and  lover  cholesterol  levels}  no  dif¬ 
ferences  were  found  for  bilirubin  or  alkaline  phosphatase  levels. 

SCOT,  serua  glutamic-pyruvic  transaainase  (SGPT),  and  LOH  results  in  the 
Ranch  Hands  interacted  with  the  covariates  alcohol,  degreasing  chemicals,  and 
industrial  chemicals  differently  than  they  did  in  the  Coaparisons.  All  of 
these  tvo-factor  interactions  vere  statistically  significant  (p<0.05).  There 
vere  no  significant  group  differences  in  uroporphyrin,  coproporphyrin,  or 
d~aainolevulinic  acid  levels,  nor  did  any  teat  set  support  a  diagnosis  of  PCT. 
Exposure  analyses  vere  essentially  negative. 

The  coaprehensive  hepatic  evaluation  did  not  reveal  any  consistent 
pattern  of  significant  liver  daaage  in  the  Ranch  Hand  group.  Nevertheless, 
because  of  subtle  profile  differences  in  conjunction  vlth  questionnaire 
results  and  recent  literature  citations,  the  gastrointestinal  systea  con¬ 
tinues  to  be  targeted  for  intensive  exaai nation  throughout  all  phases  of  the 
follovup  effort. 


Parameters  of  the  1985  Gastrointestinal  Assessment 


The  1985  AFHS  examination  continued  the  enphasis  on  hepatic  function  and 
expanded  the  porphyrin  test  battery  to  six  assays.  In  addition,  nev  compo¬ 
nents  vere  added  to  the  questionnaire  to  assess  past  and  current  diagnosed 
peptic  ulcer  disease,  along  vlth  a  series  of  screening  questions  to  assess 
possible  undiagnosed  disease.  Covarlate  data  on  aspirin  usage,  blood  group, 
and  family  history  of  peptic  ulcer  vere  likevise  obtained.  Additional  probes 
on  intestinal  parasites,  gallbladder  disease,  and  other  liver  conditions  vere 
also  added.  Because  of  the  known  profound  effects  of  alcohol  ingestion  on 
hepatic  function,  a  detailed  alcohol  consumption  history  vas  obtained  by 
questionnaire. 

Thus,  the  dependent  variables  and  covariates  in  the  analyses  bvlov 
reflect  a  substantial  enhancement  over  those  assessed  in  the  1982  Baseline 
examination.  Because  of  the  effects  of  increased  body  teaperature  and 
past/current  hepatitis  B  on  some  liver  function  tests,  participants  vlth  a 
fever  of  100  or  more  degrees  Fahrenheit  and/or  a  positive  hepatitis  B  surface 
antigen  (HBgAg)  test  vere  excluded  froa  the  analyses.  Categorisation  of 
continuous  clinical  variables  to  dichotomous  variables  vas  largely  accom¬ 
plished  by  use  of  noraal  test  values  froa  the  SCRF  laboratory.  Minor  numeric 
differences  in  the  tables  that  follov  are  due  to  an  occasionally  missing 
value. 

The  analyses  are  generally  based  on  1,009  Ranch  Hands  and  1,289  total 
Coaparisons  after  reaoval  of  the  febrile  and  positive  HBaAg  participants. 

The  statistical  analyses  relied  largely  on  general  linear  models  (SAS*-GLM), 
logistic  regression  techniques  (BMDP*-LR),  and  log-linear  aodels  (BMDP*-4F). 
Parallel  analyses  using  Original  Coaparisons  are  found  in  Tables  K-7  to  K-16 
of  Appendix  K. 


RESULTS  AND  DISCUSSION 

This  chapter,  entitled  "Evaluation  of  Hepatic  Status"  in  the  Baseline 
Report,  incorporates  the  nev  elements  of  peptic  ulcer  disease  and  mortality 
froa  diseases  of  the  digestive  systea;  hence,  the  chapter  naae  change  to 
"Gastrointestinal  Assessaent." 


13-3 


Because  of  the  importance  of  gastroin  estinal  disorders,  numerous 
historical  and  laboratory  variables  vara  chosen  for  evaluation.  The  analyses 
are  reported  in  the  following  ordert  questionnaire  data,  mortality  data, 
physical  examination  findings,  laboratory  results,  exposure  index  analyses, 
and  representative  longitudinal  analyses. 


Questionnaire  Data*  Liver  Disorders 

At  the  follovup  examination,  each  participant  was  asked  vhethc*.  he  had 
developed  hepatitis,  jaundice,  cirrhosis,  or  other  liver  disorders  during  tae 
interval  1982  to  1985.  Affirmative  responses  vere  subsequently  subject  to 
verification  by  medical  record  reviews. 

Since  the  Baseline  interview,  eight  Ranch  Hands  and  five  Comparisons 
cited  a  verified  history  of  hepatitis  (p-0.264);  four  Ranch  Hands  and  five 
Comparisons  reported  a  subsequently  verified  history  of  enlarged  liver 
(p-0.999);  one  from  each  group  noted  a  verified  syoptom  of  jaundice;  one 
Ranch  Hand  cited  a  confirmed  interval  history  of  cirrhosis;  and  six  Ranch 
Hands  and  six  Comparisons  gave  verified  histories  of  seven  miscellaneous 
liver  disorders  (p«0.774).  Table  13-1  presents  the  ICD  code  and  descriptive 
diagnosis  of  the  miscellaneous  liver  disorders  by  group. 

Because  the  number  of  respondents  vith  new  liver  disorders  vas  small  and 
pr  iuded  meaningful  analyses,  the  verified  interval  history  vas  added  to  the 
verified  Baseline  history  to  assess  possible  lifetime  differences  for  liver 
disease.  These  combined  results  are  presented  in  Table  13-2. 

Qn  the  basis  of  combined  data,  the  verified  questionnaire  responses  for 
historic  hepatitis,  jaundice,  cirrhosis,  enlarged  liver,  and  miscellaneous 
liver  disorders  did  not  vary  significantly  between  the  Ranch  Hand  and 
Conparis  ..  groups.  The  results  for  miscellaneous  liver  disorders  differed 
from  the.  vaseline  findings.  At  Baseline,  significantly  more  Ranch  Hands  than 
Original  Comparisons  had  a  verified  liver  disorder  other  than  jaundice, 
hepat*  s,  or  cirrhosis  (13/1,045  versus  1/773;  p-0.006).  Subsequent  to 
Bast.i  ,  the  status  of  one  additional  Ranch  Hand  disorder  and  one  more 
Otigik  Comparison  disorder  vas  verified.  Including  these  two  nev  verified 

condit  s  vith  the  data  from  replacement  and  shifted  Comparisons,  the  group 

contras  at  Baseline  would  have  been  of  borderline  significance  (14/1,045 
versus  7/1,224;’  p-0.077).  Combining  these  Baseline  data  vith  the  follovup 
data  result  in  nonsignificant  lifetime  results.  However,  the  combined 
Baseline  &  1  interval  analysis  contrasting  the  Ranch  Hands  and  the  Original 
Comparisons  vas  marginally  significant  (p-0.065)  due  to  the  contribution  of 
the  sigr.  cant  Baseline  results. 

The  verification  status  of  reported  liver  symptoms  and  diseases  is 
presented  in  Table  13-3.  The  data  reflect  the  proportions  of  historic 
reporting  that  vere  verified  by  medical  record  revievs,  and  are  contrasted  by 
group  for  each  variable.  These  data  shoved  that  the  proportion  of  verified 
disease  vas  not  statistically  significant  between  groups  except  for  the 
category  of  enlarged  liver  which  shoved  a  higher  confirmation  rate  in  the 
Comparison  group.  Thus,  over-reporting  or  symp tom/disease  aisclassification 
bv  the  participants  vas  not  a  function  of  group  membership. 
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TABLE  13-1 


Humber  of  Other  Liver  Condi t lone  Reported 
by  Study  Participants  et  Follovup  by  Group 
(Verified  by  Medical  Record  Review) 


I CD*  Code 
(Meaning) 

Ranch  Hand 

Group 

Comparison 

5713 

(Alcoholic  Liver  Damage) 

1 

1 

57420 

(Calculus  of  Gallbladder  without 
Mention  of  Cholecystitis) 

0 

1 

7891 

(Hepatoaegaly) 

1 

1 

7904/7905 
(Enzyme  Elevation) 

3 

0 

7948 

(Abnormal  Liver  Scan) 

1 

1 

B942j6 

(Adverse  Effect  of  Drug) 

0 

1 

M81406 

(Adenocarcinoma) 

0 

1 

Total 

6 

6 

*ICD  -  International  Classification  of 

Diseases. 

13-5 


TABLE  13-2 


Unadjusted  Analyses  for  Baseline  and  Interval  History  of  Liver 
Disease  by  Group  (Verified  by  Hedical  Record  Review) 


Group 


Ranch 

Disease  Statistic  Nuaber 

Band 

Percent 

Coaparison 

Bst.  Relative 

Nuaber  Percent  Risk  (95X  C.I.)  p- 

-Value 

Hepatitis 

n 

1,016 

1,293 

(Viral  and 

V  m 

37 

3.6 

43 

3.3 

1.10 

(0.70,1.72) 

0.731 

Alcoholic) 

No 

979 

96.4 

1,250 

96.7 

Jaundice 

n 

1,016 

1,293 

Tes 

20 

2.0 

28 

2.2 

0.91 

(0.51,1.62) 

0.771 

No 

996 

98.0 

1,265 

97.8 

Cirrhosis 

n 

1,016 

1,293 

Yes- 

3 

0.5 

2 

0.2 

1.91 

(0.32,11.46) 

0.660 

No 

1,013 

99.5 

1,291 

99.8 

Enlarged 

\ 

1,016 

1,293 

Liver 

Yes 

17 

1.7 

24 

1.9 

0.90 

(0.48,1.68) 

0.874 

No 

999 

98.3 

1,269 

98.1 

Miscel¬ 

n 

1,016 

1,293 

laneous 

Yes 

17 

1.7 

13 

1.0 

1.68 

(0.81,3.47) 

0.195 

Liver 

No 

999 

98.3 

1,280 

99.  ^ 

Disorders 


TABLE  13-3 


Medical  Record  Verification  of  Reported 
Liver  Syaptoas  and  Diseases  by  Group  (Baseline  and  Interval 
Questionnaires  Combined) 


Verification 

Variable  Status 


Ranch  Hand  Conparison 


p- Value 


Hepatitis  Nuaber  Reported 

Medical  Records  Reviewed 
Medical  Records  Pending 
or  Not  Released 
Nuaber  Verified 
Percent  Verified 

Jaundice  Nuaber  Reported 

Medical  Records  Reviewed 

Medical  Records  Pending 

or  Not  Released 
Nuaber  Verified 
Percent  Verified 

Cirrhosis  Nuaber  Reported 

Medical  Records  Reviewed 

Medical  Records  Pending 

cr  Not  Released 
Nuaber  Verified 
Percent  Verified 

Enlarged  Nuaber  Reported 

Liver  Medical  Records  Reviewed 

Medical  Records  Pending 

or  Not  Released 
Nuaber  Verified 
Percent  Verified 

Miscel-  Nuaber  Reported 

laneous  Medical  Records  Reviewed 

Liver  Medical  Records  Pending 

Disorders  or  Not  Released 
Nuaber  Verified 
Percent  Verified 


47 

53 

44 

48 

3 

5 

37 

43 

78.7 

81.1 

0.806 

43 

59 

23 

35 

20 

24 

20 

28' 

46.3 

47.5 

0.999 

7 

3 

5 

3 

2 

0 

3 

2 

42.9 

66.7 

0.999 

30 

29 

29 

29 

1 

0 

17 

24 

56.7 

82.8 

0.047 

21 

14 

20 

14 

1 

0 

17 

13 

94.4 

92.9 

0.627 

Peptic  Ulcer  Pi— —a 


Tha  primary  purpose  of  these  analyses  vas  to  compare  tha  ulcar  disease 
axparlanca  of  tha  Ranch  Band  and  Comparison  groups.  Sinca  blood  typa  has 
been  raportad  to  affact  tha  incidanca  of  paptic  ulcar  disaasa,  blood  typa  vas 
used  as  a  covariata  in  thasa  analyses.  Tha  military  medical  and  personnel 
records  of  tha  2,309  study  participants  vara  raviaved  to  determine  tha  blood 
typa  as  recorded  in  thasa  sources.  Tha  distribution  of  blood  types  in  tha 
tvo  groups  is  shovn  in  Table  13-4. 


TABLI  13-4. 

Unadjusted  Analysis  of  Blood  Typa  by  Group 


_ Blood  Typa _ 

0  A  B  AB 


Group  Number 

Percent 

Number 

Percent 

Number 

Percent 

Number 

Percent 

Total* 

Ranch  Hand 

378 

45.4 

334 

40.1 

87 

10.5 

33 

4.0 

832 

Comparison 

504 

46.4 

425 

39.1 

125 

11.5 

33 

3.0 

1,087 

p-0. 60 


*184  Ranch  Hands  and  206  Comparisons  missing  from  blood  type  analysis. 


Tha  blood  typa  distribution  vas  not  significantly  different  in  tha  tvo 
groups  (p-0.60),  and  vas  similar  to  tha  distribution  of  blood  types  in  the 
general  U.S.  vhita  mala  population  (p-0.57). 

Both  physical  examination  diagnoses  and  questionnare  responses  to 
questions  concerning  ulcers  vara  used  as  sources  of  data  on  the  occurrence  of 
ulcar  disaasa.  A  total  of  38  participants  vas  diagnosed  as  having  ulcar 
disaasa  at  tha  time  of  tha  examination;  however,  13  had  to  be  delated  from 
tha  analyses  of  physical  examination  data  and  15  from  tha  analyses  of 
questionnaires  due  to  missing  data  on  blood  typa.  On  questionnaires, 

42  raportad  currently  having  ulcers  and  an  additional  126  raportad  having  had 
ulcers  in  tha  past.  Thasa  data  are  summarised  in  Table  13-5. 

A  three-factor  log-linear  analysis  (group,  ulcar,  blood  typa)  of  data 
from  tha  physical  examination  shoved  a  significant  three-factor  interaction, 
vith  tha  Ranch  Hand  rate  being  higher  in  blood  types  AB  and  0,  and  lover  for 
types  A  and  B  (p«0.03).  Stratified  analyses  of  each  blood  typa  vara  con¬ 
ducted  and  did  not  reveal  any  statistically  significant  group  differences. 
Thasa  data  are  shovn  in  Table  13-6. 
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TABLK  13-3. 


Frequency  of  Diagnosed  and  Koportod  Dlcor  Dlaeeae  by  Group 


Variable 


Group 


Ranch  Bar.d 


Statiatic  Nuabar  Percent 


Coapariaon 
Nuaber  Percent 


Total 


Diagnosed  Disease 

n 

832 

1,087 

1,919 

(Physical 

Tea 

19 

2.3 

26 

2.4 

45 

Examination  Data) 

No 

813 

97.7 

1,061 

97.6 

1,874 

Reported  Disease 

n 

832 

1,085 

1,917 

(Questionnaire 

Current 

22 

2.6 

20 

1.8 

44 

Data) 

Past 

53 

6.4 

73 

6.7 

126 

None 

757 

91.0 

992 

91.4 

1,749 

A  three-factor  log-linear  analyaia  of  queationnaire  data  vaa  alao 
performed.  This  analyaia  looked  at  current  and  paat  hiatory  of  ulcer 
diseaae.  No  aignificant  group  differences  or  aultifactor  interactions  were 
seen,  with  all  p-values  being  greater  than  0.10. 

These  analyses  demonstrated  overall  group  equivalence  within  the  Ranch 
Hand  and  Coaparison  groups  with  respect  to  blood  type  and  present  and  paat 
ulcer  disease. 


Mortality  Count  Data 

Linkage  of  digestive  system  mortality  to  observed  historic  or 
examination  morbidity  has  not  been  explored  in  this  report;  the  linkage 
process,  vith  the  use  of  the  Comparison  replacement,  strategy,  remains  an  open 
research  issue.  Prom  a  broader  perspective,  however,  review  of  mortality 
count  data  in  conjunction  with  current  morbidity  data  aay  be  useful  in 
identifying  disease  pattern(s)  vith  respect  to  group  membership, 
organ-specific  disease,  and  important  covariates.  For  these  purposes,  the 
latest  mortality  count  data  (as  of  31  December  1985)  are  summarized  in 
Table  13-7. 

These  data  shoved  a  large  mortality  contribution  (approximately  50X)from 
liver  disease  in  both  groups  and  a  relative  excess  in  Ranch  Hands  as  con¬ 
trasted  to  Comparisons.  Por  malignant  neoplasms,  there  vas  a  relative  excess 
in  the  Comparison  group.  There  is  also  the  suggestion  that  alcohol  is  an 
important  risk  factor.  The  relative  excess  of  malignant  neoplasms  in  the 
Comparison  group  is  also  striking.  Overall,  the  slight  excess  of  digestive 
system  mortality  in  the  Ranch  Hands  and  the  differences  in  distribution  of 
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TABU  13-6. 


Unadjusted  Analyses  of  Peptic  Ulcer  Disease 
by  Blood  Type  by  Group 


Group 


Blood  Type 

Statistic 

Ranch  Hand 

Number  Percent 

Conparieon 

Nuaber  Percent 

Bat.  Relative 
Risk  (951  C.I.) 

p-Value 

n 

378 

504 

0 

Yes 

13 

3.4 

11 

2.2 

1.60  (0.70,3.60) 

0.37 

No 

365 

96.6 

4V3 

97.8 

n 

334 

425 

A 

Yes 

4 

1.2 

12 

2.8 

0.42  (0.14,1.29) 

0.21 

No 

330 

98.8 

413 

97.2 

n 

87 

125 

B 

Yes 

0 

0.0 

3 

2.4 

0.27* 

No 

87 

100.0 

122 

97.6 

n 

33 

33 

AB 

Yes 

* 

6.1 

0 

0.0 

— 

0.49* 

No 

31 

93.9 

33 

100.0 

— Bstinatad  relative  risk  and  confidence  interval  not  calculated  due  to  sero 
count  in  u  cell. 


‘Fisher's  exact  test. 
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TABLE  13-7. 


Frequency  of  Digestive  System  Mortality  by  Group 


Deaths,  by  Group 


I CD  Code  Ranch  Hand  1:5  Coaparison 


Pancreatitis  (5770) 

1 

2 

Alcoholic  cirrhosis  (5712) 

0 

6 

Nonalcoholic  cirrhosis  (5715) 

3 

5 

Nonalcoholic  fatty  liver  (5718) 

0 

1 

Chronic  liver  disease  (5728) 

1 

1 

Alcoholic  liver  disease  (5711) 

1 

0 

Duodenal  ulcer  (5325) 

0 

1 

Malignant  neoplasm  (150-159) 

2 

15 

Total 

8 

31 

deaths  by  cause  in  the  two  groups  raise  the  issue  of  coapeting  mortality. 
Interpretation  of  the  analyses  in  this  report  of  hepatic  function  and  liver 
disease,  vith  alcohol  consuaption  taken  into  account,  should  be  reviewed  in 
the  light  of  these  nor tali ty  data. 


Physical  Examination  Data 

Gastrointestinal  dysfunction  was  not  a  aajor  focus  of  the  physical 
examination  except  for  a  comprehensive  biochemical  profile  of  the  liver. 
Consequently,  only  data  on  hepatomegaly  were  analyzed,  and  results  of  the 
analysis  are  shown  in  Table  13-8. 

The  analysis  shoved  a  marginally  significant  excess  (eight  cases  versus 
three)  of  hepatomegaly  in  the  Ranch  Hands  (p>0.069).  These  results  vere  in 
relative  contrast  to  the  Baseline  examination  findings  of  1.56  percent  and 
0.78  percent  in  the  Ranch  Hand  and  Comparison  groups,  respectively  (p-0.138), 
in  the  sense  that  fewer  abnoraali ties  vere  detected  at  the  followup,  although 
at  both  examinations  the  difference  favored  the  Comparisons. 

The  group  data  for  hepatomegaly  vere  pooled  and  compared  to  the  covari¬ 
ates  of  age,  race,  occupation,  current  alcohol  use  (one  or  less  drinks  per 
day,  rore  than  one  to  four  drinks  per  day,  and  more  than  four  drinks  per 
day),  lifetime  expos'*  *e  to  industrial  chemicals,  and  lifetime  exposure  to 
degreasing  chemicals  Only  age  and  occupation  shoved  significant 
associations  vith  het  omegaly  (p-0.018,  p-0.026,  respectively).  Because  of 
sparse  data,  an  adjusted  analysis  was  not  conducted. 


General  Laboratory  Examination  Data 

As  in  the  Baseline  Report,  the  followup  examination  emphasized  evalu¬ 
ation  of  laboratory  .data,  particularly  for  hepatic  function.  Thus,  this 
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TABLE  13-8 


Unadjusted  Analysis  of  Enlarged  Livers 
Diagnosed  at  Physical  Examination  by  Group* 


Enlarged  Liver 


Tes  Mo 


Group  i 

Number 

Percent 

Number 

Percent 

Total 

p-Value 

Ranch  Hand 

8 

0.8 

1,002 

99.2 

1,010 

0.069 

Comparison 

3 

0.2 

1,287 

99.8 

1;  290 

♦Excludes  participants  vith  positive  HB^Ag. 


section  .reports  on  nine  laboratory  tests  of  hepatic  function  <;nd  on  tvo  tests 
reflecting  porphyrin  aetabolisa.  Noreal  ranges  for  these  11  variables  as 
deterained  by  the  SCRF  and  the  Hayo  Clinic  Laboratories  are  presented  in 
Table  13-9.  Only  values  greater  than  the  normal  range  vere  considered 
important  in  the  assessment  of  dysfunction. 

Analyses  of  the  nine  hepatic  variables  vere  adjusted  for  the  covariates 
of  age,  race,  occupation  (OCC),  current  alcohol  use  (ALC),  days  of  exposure 
to  industrial  chemicals  (IC),  and  days  of  exposure  to  degreasing  chemicals 
(DC).  For  the  tvo  porphyrin  analyses,  blood  urea  nitrogen  vas  used  as  a  . 
covariate.  Because  the  hepatic  test  variables  encompass  acute  to  chronic 
effects,  there  vas  no  "ideal"  alcohol  covariate  (e.g.,  drink-years,  current 
alcohol  consumption  in  drinks  per  day). 

The  covariate  alcohol  use  vas  obtained  from  questionnaire  data,  cent ar- 
ing  on  daily  alcohol  consumption  (beer,  vine,  liquor)  for  those  participants 
vho  reported  drinking  at  least  one  drink  in  the  2  veeks  preceding  the  exam¬ 
ination.  Thus,  the  alcchol  covariate  measures  recent  drinking  intensity  and 
aay  be  aore  useful  in  adjustment  of  acute  variables  (e.g.,  GGTP,  SGPT)  than 
variables  related  to  chronic  liver  dysfunction  (e.g.,  bilirubin  deter- 
ninations,  alkaline  phosphatase). 

Exposure  to  industrial  chesicals  and  degreasing  cheaicals  vas  aeasured 
in  cumulative  days  of  unprotected  exposure,  and  vis  derived  from  the  1982  and 
1983  questionnaires.  These  data,  therefore,  represent  lifetime  exposure. 

Exclusion  categories  consisted  of  fever  (over  100  degrees  Fahrenheit) 
and  positive  HB  Ag  tests,  because  of  the  known  effects  of  these  conditions  on 
liver  function  tests.  Three  participants  (tvo  Ranch  Hands,  one  Comparison) 
vers  excluded  because  of  fever,  and  eight  (five  Ranch  Bands,  three  Compari¬ 
sons)  because  of  a  positive  HBfAg  test  (seven  positive,  one  missing).  •  In 
addition,  due  to  missing  alcohol  data,  nine  other  individuals  (six  Ranch 
Hands,  three  Comparisons)  vere  deleted  from  the  analyses  vhen  current  alcohol 
use  vas  found  to  be  a  significant  covat.j.s. 
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TABLE  13-9 


Laboratory  Boras  for  Rina  Hepatic  Function 
Variables  and  Tvo  Porphyrin  Determinations 


Variable 

Unit 

SCRF 

Normal 

SCRF 

Abnormal 

SCOT 

U/L 

27-47 

*8 

SGPT 

U/L 

3-36 

*37 

GGTP 

U/L 

15-85 

£86 

Alkaline  Phosphatase 

U/L 

50-136 

>137 

Total  Bilirubin 

ng/dl 

£.5 

>1.5 

Direct  Bilirubin 

sg/dl 

<0.36 

£0.37 

LDH 

U/L 

100-190 

£191 

Cholesterol* 

ag/dl 

$260 

£261 

Triglycerides" 

ng/dl 

$320 

>321 

Uroporphyrin1* 

mg/ 24  hrs 

<46 

*7 

Coproporphy r i nb 

ng/24  hrs 

£96 

£97 

"SCRF  provides  age-dependent  normal  ranges;  these  values  represent  the  maximua 
normal  Units  for  those  older  than  40. 


bPerforaed  at  the  Hayo  Clinic. 
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Statistical  Analyses 

The  nine  dependent  variables  from  the  hepatic  battery  vere  subjected  to 
three  types  of  basic  analyses:  (1)  a  continuous  dependent  variable  adjusted 
by  continuous  covariates  (CC),  (2)  a  continuous  dependent  variable  adjusted 
by  discrete  covariates  (CO),  and  (3)  a  discrete  (categorical)  dependent 
variable  adjusted  by  discrete  covariates  (DO),  except  for  current  alcohol 
use,  vhich  vas  left  as  a  continuous  variable  for  model-fitting  and  pover 
purposes.  General  linear  models  (SAS#)  vere  used  for  the  CC  and  CD  analyses , 
and  BMDP+-LR  vas  used  for  the  DD  analyses. 

As  noted  in  Chapter  7,  Statistical  Methods,  all  adjustments  vere  carried 
out  vith  the  simplest  model,  including  all  significant  covariates  and  tvo- 
and  three-vay  interactions.  The  log  transformation  vas  used  for  the  nine 
hepatic  variables  and  for  uroporphyrin,  vhile  a  square  root  transfc relation 
vas  employed  for  the  coproporphyrin  variable.  Since  some  direct  bilirubin 
values  vere  0,  che  value  0.10  vas  added  prior  to  log  transformation. 

The  sample  sizes  vere  sufficient  to  detect  a  1.93-fold  increase  in  the 
frequency  of  abnormal  values  for  alkaline  phosphatase  and  a  1.42-fold 
increase  in  the  frequency  of  abnormal  values  for  SGPT,  uaing  a  (tvo-slded) 
a  -level  of  0.05  and  pover  0.80.  Further,  the  sample  sizes  vere  sufficient 
to  detect  a  0.7  percent  mean  shift  in  alkaline  phosphatase,  a  1.8  percent 
mean  shift  in  SGPT,  and  a  2.8  percent  mean  shift  in  uroporphyrin  values 

The  results  of  the  analyses  on  the  11  dependent  variables  are  presented 
in  the  folloving  summary  tables  (Tables  13-10  through  13-12),  followed  by 
descriptive  narrative  text.  The  summary  tables  are  in  the  folloving  logical 
order:  unadjusted  results,  covarlate  tests  of  association,  and  adjusted 
results.  Tables  K-l  and  K-2  of  Appendix  K  summarize  interactions  from  the 
statistical  analyses.  All  analytic  information  on  any  given  variable  can  be 
obtained  by  scanning  the  summary  tables. 

The  folloving  discussion  condenses  the  key  information  r.n  each  dependent 
variable.  Group-by-eovariate  interactions  are  narratively  presented.  The 
variables  are  organized  in  the  same  order  as  given  in  the  tables. 


Serum  Glutamic-Oxaloacetic  Transaminase  (SGOT) 

The  unadjusted  continuous  (group  means)  and  categorical  (percent  abnor¬ 
malities)  tests  shoved  no  statistically  significant  differences  betveen 
groups  (p-0.298  and  p-0.999,  respectively). 

Tests  of  association  vith  the  covariates  using  pooled  group  categorical 
data  demonstrated  the  significant  effect  of  race  (a  higher  percentage  of 
abnormal! ticis  in  Blacks  than  nonblacks,  13. 5X  versus  7.6S;  p<0.022)  and 
current  alcohol  use  (21. 2X  abnormal  values  associated  vith  more  than  four 
drinks  per  day,  9. OX  abnormals  for  more  than  one  to  four  drinks  per  day,  and 
5.8X  for  one  or  less  drinks  per  day;  p<0.001).  Similarly,  the  mean  SG0T 
levels  differed  significantly  betveen  races  (p<0.001)  and  by  current  alcohol 
use  (p<0.001). 

The  CC  adjusted  model  shoved  no  significant  group  differences  (p-0.309). 
Significant  covariates  vere  race,  an  interaction  of  current  alcohol  use-by¬ 
degreasing  chemicals,  and  an  interaction  of  current  alcohol  U3e-by-age  (all 
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TABU  13-10 


Unadjusted  Continuous  and  Categorical  Analyses 
for  Bapatic  Function  Variables  and  Tw  Porphyrin 
Determinations  by  Group 


_ Group _ 

~  Sat.  Relative 

Variable  Statistic  Ranch  hand  Coaparison  Risk  (95X  C.I.)  p-Valua 


SCOT 

n 

1,009 

Mean 

33.5 

95X  C.I. 
Nuaber/X 

(32.8,34.1) 

Noraal 

929  92. IX 

High 

60  7.9X 

SGPT 

n 

1,009 

Mean 

21.6 

95X  C.I. 
Nuaber/X 

(20.9,22.3) 

Noraal 

872  86. 42 

High 

137  13. 6X 

GGTP 

n 

1,009 

Mean 

32.8 

95X  C.I. 
Nuaber/X 

(31.4,34.3) 

Noraal 

919  91. IX 

High 

90  8.9X 

Alkaline 

n 

1,009 

Phospha¬ 

Mean 

91.8 

tase 

95X  C.I. 
Nuaber/X 

<90.4,93.3) 

Noraal 

953  94. 5X 

High 

56  5.6X 

Total 

n 

1,009 

Bilirubin 

Mean 

0.74 

95X  C.I. 
Nuaber/X 

(0.73,0.76) 

Noraal 

982  97. 3X 

High 

27  2.7X 

1,269 


33.0 

(32.5,33.5) 

0.296 

1,187  92. IX  1.00 
102  7.9X 

(0.74,1.36) 

0.999 

1,289 

22.5 

(21.9,23.1) 

0.051 

1,102  85. SX  0.93 
187  14. 5X 

(0.73,1.17) 

0.546 

1,289 

32.4 

(31.2,33.6) 

0.632 

1,172  90.9X  0.98 
117  9. IX 

(0.74,1.31) 

0.942 

1,289 

89.3 

(£8.1,90.6) 

0.009 

1,236  95. 9X  1.37 

(0.93,2.01) 

0.114 

53  4.  IX 


1,289 

0.75  0.576 

(0.74,0.76) 

1,250  97. OX  0.88  (0.54,1.45)  0.706 

39  3. OX 
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TABLE  13-10.  (con tinned) 


Unadjusted  Continuous  and  Categorical  Analyses 
for  lapatic  Function  Variables  and  Tvo  Porphyrin 
Determinations  by  Group 


Group 


Bat.  Relative 

Variable 

Statistic 

Ranch  Hand 

Comparison  Risk  (95X  C.I.) 

p-Value 

Direct 

n 

1,009 

1,289 

• 

Bilirubin 

Mean 

0.18 

0.18 

0.981 

95X  C.I. 
Nunber/X 

(0.17,0.18) 

(0.17,0.18) 

Normal 

971  96. 2X 

1,246  96. 7X  1.13  (0.73,1.77) 

0.649 

High 

38  3.8X 

43  3.3X 

LDH 

n 

1,009 

1,289 

Mean 

123.5 

123.9 

0.655 

95X  C.I. 
Number/X 

(122.2,124.8) 

(122.7,125.2) 

Normal 

999  99.  OX 

1,272  98. 7X  0.75  (0.34,1.64) 

0.560 

High 

10  1.0X 

17  1.3X 

Cholesterol 

n 

1,009 

1,289 

Mean 

214.3 

215.0 

0.688 

95X  C.I. 
Number/X 

(211.8,216.8) 

(212.8,217.2) 

Normal 

863  85. 5X 

1,082  83. 9X  0.88  (0.70,1.11) 

0.322 

High 

146  14. 5X 

207  16. IX 

Triglycerides 

n 

1,009 

1,289 

Mean 

118.5 

117.3 

0.719 

95X  C.I. 
Nuaber/X 

(113.8,123.3) 

(113.4,121.4) 

Normal 

941  93. 3X 

1,210  93. 9X  1.11  (0.79,1.55) 

0.549 

High 

68  6.7X 

79  6. IX 

Uroporphyrin 

n 

1,006 

1,286 

Mean 

16.9 

17.9 

0.048 

95X  C.I. 

(16.2,17.7) 

(17.3,18.6) 

n 

1,008 

1,287 

Copropor- 

Mean 

119.1 

115.6 

0.081 

phyrin 

95X  C.I. 

(116.2,122.0) 

(113.0,118.2) 
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TABLE  13-11 


Association  Batman  Mina  Bapatic  Function  Variables 
and  Two  Porphyrin  Datarainations  and  Six  Corarlaras 
in  tba  Combined  Ranch  Band  and  Coaparison  Groups 


Variable  Analysis* 

Age 

Race 

Industrial 

Occupation  Alcohol  Cheaicals 

Degreasing 

Cheaicals 

SGOT 

C 

NS 

<0.001 

NS 

<0.001 

NS 

NS 

D 

NS 

0.022 

NS 

<0.001 

NS 

NS 

SGPT 

C 

<0.001 

NS 

NS 

<0.001 

NS 

0.017 

D 

0.001 

NS 

NS 

<0.001 

NS 

NS 

GGTP 

C 

0.012 

<0.001 

0.032 

<0.001 

NS 

NS 

D 

NS 

0.021 

NS 

<0.001 

NS 

NS 

Alkaline 

C 

NS 

NS 

<0.001 

<0.001“ 

<0.001 

0.010 

Phosphatase 

D 

NS 

NS 

0.00** 

NS*“ 

0.030 

NS* 

Total 

NS* 

NS 

0.011 

0.008 

NS 

NS 

Bilirubin 

D 

NS 

<0.001 

NS 

NS 

NS 

NS 

Direct 

C 

NS 

NS* 

NS 

<0.001 

NS 

NS 

Bilirubin 

D 

NS 

0.015 

NS 

NS 

NS 

NS 

LDH 

C 

<0.001 

0.006 

NS 

NS 

NS 

NS 

D 

NS 

NS 

NS 

NS 

NS 

NS 

Cholesterol 

C 

<0.001 

NS 

0.002 

<0.001 

NS 

NS 

D 

0.010 

NS 

0.008 

0.018 

NS 

NS 

Triglycerides 

C 

<0.001 

<0.001 

0.013 

0.030 

NS* 

0.019 

D 

NS 

0.031 

NS 

NS 

NS* 

NS 

Uroporphyrins 

C 

NS 

NS 

NS 

NS 

NS 

NS 

Coproporphyrins  C 

0.003 

NS 

NS 

<0.001 

NS 

NS 

^Continuous  (C)/Discrete  (D). 

NS:  Not  significant  (p>0.10) 

NS*:  Borderline  significant  (p.05<p$0.10). 
“Vine  consumption. 
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MB  13-12.  (continued) 
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vlth  p<0.001).  The  CD  analysis  revealed  a  significant  group  (GRP) -by-cur rant 
alcohol  usa  intaraction  (p-0.048),  pracluding  a  diract  group  contrast. 
Exploration  of  tha  intaraction  disdosad  that  tha  Ranch  Hands  had  a  signifi¬ 
cantly  highar  (p-0.010)  aaan  SGOT  for  tha  more  than  ona  to  four  drinks  par 
day  catagory,  vhereas  there  vara  no  significant  group  differences  for  the  ona 
or  lass  drinks  par  day  or  aora  than  four  drinks  par  day  catagorias  (see  Table 
K-l  of  Appendix  R).  Other  significant  covariate  affects  Included  degreasing 
chaaicals  (p-0.019),  race  (p<0.001),  and  a  current  alcohol  usa-by-indus trial 
chaaical  (IC)  interaction  (p-0.008).  The  DD  SGOT  analysis  shoved  no  signifi¬ 
cant  group  differences  (p-0.868).  Coverlet as  Baking  significant  contribu¬ 
tions  vara  race  (p-0.026),  an  aga-by-currant  alcohol  usa  interaction 
(p<0.001),  and  an  occupation  (OCC) -by-current  alcohol  use  interaction 

(p<0.001). 


Sanaa  Glutaaic-Pynivic  Transaminase  (ouPT) 

The  unadjusted  categorical  analysis  vas  not  significant  (p-0.546),  but 
the  comparison  of  group  aeans  shoved  a  borderline  significant  result,  vlth 
the  Comparisons  having  a  higher  aean  SGPT  than  tha  Ranch  Hands  (p-0.05i). 

Cover let a  associations  vith  tha  pooled  categorical  Ranch  Hand  and 
Comparison  group  data  shoved  an  inverse  relationship  (p»0.001)  betveen  SGPT 
levels  and  age,  vlth  17.1  percent  abnormalities  for  those  born  in  or  after 
1942,  12.3  percent  for  those  born  betveen  1923  and  1941,  and  8.1  percent  for 
those  born  in  or  before  1922.  Tha  relationship  vith  current  alcohol  use  vas 
also  profound  (p<0.001),  vith  23.4  percent  abnoraals  noted  for  aore  than  four 
drinks  per  day,  15.3  percent  abnoraals  for  more  than  one  to  four  drinks  per 
day,  and  12.4  percent  for  one  or  less  drinks  per  day.  The  direction  and 
magnitude  of  the  covariate  effects  of  age  and  alcohol  vere  quite  similar  for 
tha  tests  of  association  vith  tha  mean  SGPT  level  of  both  groups  (p<0.001  for 
both  covariates). 

No  significant  group  Interactions  vere  detected  in  either  the  discrete 
or  the  continuous  analyses.  The  CC-adjusted  analysis  yielded  a  significant 
group  difference,  vith  the  Coaparisons  having  a  higher  group  aean  than  the 
Ranch  Hands  (p-0.048).  The  aodel  vas  adjusted  by  tha  interactions  of  currant 
alcohol  use-by-degreasing  cheaicals  (p-0.008),  current  alcohol  use-by-age 
(p-0.001),  race-by-degreasing  chemicals  (p-0.015),  and  race-by-industrial 
chemicals  (p-0.017).  The  CD  aodel  also  shoved  a  significantly  elevated  mean 
SGPT  in  the  Comparison  group  (p-0.029).  The  analysis  vas  adjusted  for  expo¬ 
sure  to  industrial  chemicals  (p-0.049),  and  the  interactions  of  age-by- 
occupation  (p-0.026),  age-by-current  alcohol  use  (p-0.022),  and  currant 
alcohol  use-by-degreasing  cheaicals  (p-0.032).  A  borderline  significant 
interaction  (p-0.0505)  betveen  group  and  current  alcohol  use  vas  found,  but 
because  of  modeling  strategy,  this  interaction  vas  not  included  in  the  final 
aodel.  (This  interaction  is  explored  further  in  Table  K-l  in  Appendix  K, 
hovever.)  The  DD-adjusted  analysis,  like  the  unadjusted  discrete  analysis, 
disclosed  a  nonsignificant  group  difference  (p-0.531).  The  model  vas 
adjusted  for  an  age-by-current  alcohol  use  interaction  (p-0.004). 


Gamma-Glutamyl  Transpeptidase  (GGTP) 

The  unadjusted  contrasts  of  both  aean  levels  of  GGTP  and  the  frequency 
of  abnormalities  shoved  no  significant  differences  betveen  the  Ranch  Hand  and 
Comparison  groups  (p*0.632  and  p-0.942,  respectively). 
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For  discrete  covariate  associations,  significance  was  noted  for  race, 
vith  14.9  percent  abnormals  in  Blacks  and  8.6  percent  for  nonblacks 
(p-0.021),  and  current  alcohol  use,  vith  26.1  percent  abnoraals  for  nore  than 
four  drinks  per  day,  10. 5  percent  for  aore  than  one  to  four  drinks  per  day, 
and  6.2  percent  for  one  or  less  drinks  per  day  use  (p<0.001).  While  the  Bean 
level  of  GGTP  vas  similarly  affected  by  race  and  current  alcohol  (p<0.001  for 
both  covariates),  it  vas  also  influenced  by  age  (30.3  U/L  for  those  born  in 
or  before  1922,  33.9  U/L  for  those  born  betveen  1923  and  1941,  and  31.1  U/L 
for  those  born  in  or  after  1942;  p-0.012)  and  occupation  (31.3  U/L  for 
officers,  35.2  U/L  for  enlisted  flyers,  and  32.3  U/L  for  enlisted  groundcrev; 
p-0.032). 

Bach  of  the  three  adjusted  analyses  consistently  produced  nonsignificant 
group  differences  (CC:  p-0.575;  CD:  p-0.668?  DD:  p-0.971).  *  Hone  of  the  three 
models  vas  affected  by  a  group-by-covariate  Interaction.  The  CC  analysis  vas 
adjusted  by  four  covariate  interactions:  age-by-current  alcohol  use 
(p<0.001),  race-by-industrial  chemicals  (p-0.011),  current  alcohol  use- 
by-degreasing  chemicals  (p<0.001),  and  age-by-degreasing  chemicals  (p-0.009). 
The  CD  model  vas  adjusted  by  race  (p<0.001),  by  an  age- by- cur rent  alcohol  use 
interaction  (p-0.023),  and  by  an  occupation-by-current  alcohol  use  inter¬ 
action  (p-0.044).  The  DD  analysis  vas  adjusted  by  race  (p-0.016)  and  by  an 
age-by-current  alcohol  use  interaction  (p<0.001). 


Alkaline  Phosphatase 

The  analysis  of  group  mean  values  shoved  a  significantly  higher 
(p-0.009)  Ranch  Hand  mean  (91.8  U/L)  than  that  observed  in  the  Comparison 
group  (89.3  U/L).  The  unadjusted  categorical  analysis  revealed  a  higher 
percentage  of  Ranch  Hand  abnormalities  (5.6X)  than  Comparison  abnormalities 
(4. IX),  but  this  difference  vas  not  significant  (Bst.  RR-1.37,  95Z  C.I.: 
{0.93,2.01] ,  p-0.114). 

Vith  pooled  group  data,  s:  if leant  covariate  associations  vere  found 
betveen  the  proportion  of  abnormal  values  and  occupation  (p-0.003),  indus¬ 
trial  chemicals  (p«0.030),  and  marginally  significant  associations  vith  vine 
consumption  (p-0.056)  and  degreasing  chemicals  (p-0.091).  The  mean  value  of 
alkaline  phosphatase  depended  significantly  on  all  four  of  these  covariates. 

The  CC-adjusted  analysis  also  shoved  a  significantly  higher  mean  value 
of  alkaline  phosphatase  in  the  Ranch  Hand  group  (p-0.003).  The  model  vas 
adjusted  by  the  significant  covariates  of  vine  consumption  (VINE)  (p<0.001), 
occupation  (p<0.001),  and  the  interactions  of  age-by- Indus trial  chemicals 
(p-0.010)  and  race-by- Indus trial  chemicals  (p-0.007).  Vine  consumption  vas 
used  as  a  covariate  instead  of  alcohol  intensity  since  vine  shoved  a  very 
strong  negative  association  vith  alkaline  phosphatase.  This  effect  masked  a 
very  veak  positive  association  betveen  beer  or  liquor  consumption  and 
alkaline  phosphatase. 

In  the  CD  model  a  significant  group-by-industrial  chemicals  interaction 
v«»s  found  (p-O.Qll).  Specifically,  in  those  individuals  exposed  to  indus- 
tr'al  chemicals,  the  Ranch  Hands  had  a  significantly  higher  mean  value  than 
the  Comparisons  (p<0.001),  vhereas  in  the  unexposed  stratum,  the  mean  values 
vere  not  significantly  different  betveen  groups  (p-0.973;  see  Table  K-l  of 
Appendix  K).  The  CD  analysis  vas  also  adjusted  by  vine  consumption 
(p<0.001),  occupation  (p<0.001),  and  the  interactions  of  age-by-industrial 
chemicals  (p-0.019)  and  race-by-industrial  chemicals  (p-0.002). 


13-23 


The  DD  model  revealed  a  marginally  significant  group  difference  (Adj. 
RR?  1.44,  95X  C.I.s  (0.97,2.13],  p-0.070)  following  adjustment  by  four 
significant  interactions  of  vine-by-degreasing  chemicals  (p»0.006),  age-by¬ 
industrial  chemicals  (p-0.005),  race-by-industrial  chemicals  (p«0.004),  and 
occupation-by-industrial  chemicals  (p-0.016). 


Total  Bilirubin 

Both  the  continuous  and  categorical  unadjusted  analyses  found  no  sig¬ 
nificant  differences  in  total  bilirubin  values  betveen  groups  (p«0.576  and 
p«0.706,  respectively). 

The  covariate  associations  for  both  groups  shoved  a  significant  effect 
of  race  (8.5X  abnormal  in  Blacks  versus  2.5X  in  nonblacks;  p<0.001).  Sig¬ 
nificant  differences  in  mean  total  bilirubin  levels  vere  found  betveen 
occupational  groups  (0.76  mg/dl  for  officers,  0.72  mg/dl  for  enlisted  flyers, 
and  0.75  mg/dl  for  enlisted  groundcrev;  p-0.011),  and  vith  increasing  levels 
of  current  alcohol  use  (0.80  for  more  than  four  drinks  per  day,  0.75  for  more 
than  one  to  four  drinks  per  day,  and  0.74  for  one  or  less  drinks  per  day; 
p-0.008).  Further,  increasing  levels  of  total  bilirubin  vere  marginally 
associated  vith  age  (p-0.093). 

The  CC  model,  adjusted  for  the  interactions  of  age-by-degreasing 
chemicals  (p-0.039),  race-by-current  alcohol  use  (p-0.007),  and  race-by¬ 
occupation  (p«0.001),  revealed  no  significant  differences  in  total  bilirubin 
means  betveen  groups  (p-0.599).  Similarly,  the  CD  analysis  found  no 
difference  betveen  group  means  (p-0.598)  after  adjustment  for  the  inter¬ 
actions  of  race- jy-cur rent  alcohol  use  (p-0.004),  occupation-by-current 
alcohol  use  (p-0.034),  and  occupation  by  race  (p-0.002).  The  DD  model, 
adjusted  for  race  (p<0.001),  also  failed  to  detect  significant  group 
differences  in  the  proportion  of  total  bilirubin  abnormalities  (p-0.648). 


Direct  Bilirubin 

Neither  the  continuous  nor  the  categorical  unadjusted  tests  disclosed 
significant  differences  betveen  the  Ranch  Hand  and  Comparison  groups  (p-0.981 
and  p-0.649,  respectively). 

A  covariate  association  vith  the  categorical  data  combined  from  both 
groups  vas  noted  for  race,  vith  7.8  percent  abnormalities  found  in  Blacks  as 
contrasted  to  3.3  percent  in  nonblacks  (p-0.015).  There  vas  a  significant 
association  betveen  mean  values  of  direct  bilirubin  and  current  alcohol  use 
(0.21  mg/dl,  0.17  mg/dl,  and  0.17  mg/dl  for  more  than  four  drinks  per  day, 
more  than  one  to  four  drinks  per  day,  and  one  or  less  drinks  per  day, 
respectively;  p<0.00i)  and  a  marginally  significant  difference  due  to  race 
(0.20  mg/dl  for  Blacks  versus  0.18  mg/dl  for  nonblacks;  p-0.059). 

For  both  the  CC  and  CD  analyses,  no  significant  group  differences  vere 
found  (p-0.972  and  p-0.830,  respectively).  The  CC  model  was  adjusted  for  a 
race-by-current  alcohol  use  interaction  (p-0.025),  and  the  CD  model  vas 
adjusted  for  the  significant  interactions  of  race-by-current  alcohol  use 
(p-0.019),  occupation-by-current  alcohol  use  (p**0.002),  current  alcohol 
use-by-degreasing  chemicals  (p-0.012),  and  degreasing  ehemicals-by-industrial 
chemicils  (p-0.025).  The  DD  analysis  revealed  a  group-by-industrial  chemical 
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exposure  interaction  (p«Q.012).  For  participants  exposed  to  industrial 
chemicals,  the  Ranch  Hands  had  a  higher  proportion  vith  abnormal  values  than 
the  Comparisons  (5.3%  abnormal  versus  2.9%,  respectively;  p-0.035),  vhereas 
there  vas  no  group  difference  for  participants  not  exposed  to  industrial 
chemicals  (p«0.144).  Each  stratum  of  the  interaction  vas  adjusted  for  race 
(p«0.014)  and  current  alcohol  use  (p»0.026).  The  biological  relevance  of 
this  interaction  is  unclear  at  this  time. 


Lactic  Dehydrogenase  (LDH) 

No  significant  differences  vere  found  betveen  the  groups,  either  in  the 
proportion  of  abnormal  values  (p-0.560)  or  in  the  mean  levels  of  LDH 
(p«0.655).  Significant  effects  for  age  (121.6  U/L,  12*. 6  U/L,  135.3  U/L  for 
those  born  in  or  after  1942,  betveen  1923  and  1941,  and  in  or  before  1922, 
respectively;  p<0.001)  and  ra'.e  (129.5  U/L  for  Blacks  versus  123.4  U/L  for 
nonblacks;  p-0.006)  vere  founc  in  the  tests  of  mean  LDH  levels. 

The  CC  analysis  revealed  a  group-by-age  interaction  (p*0.018),  although 
no  significant  adjusted  group  differences  vere  found  for  any  of  the  three  age 
strata.  The  model  vas  also  adjusted  for  the  significant  interactions  of 
occupation-by-exposurc  to  industrial  chemicals  (p-0.014)  and  race  by  exposure 
to  industrial  chemicals  (p-0.024).  The  CD  model  revealed  no  significant 
group  differences  after  adjustment  by  age  (p<0.001),  race  (p<0.001),  and 
degreasing  chemicals  (p-0.016).  Similarly,  the  DD  analysis  found  no  signi¬ 
ficant  group  differences,  and  no  covariates  made  a  significant  contribution 
to  the  model. 


Cholesterol 

No  significant  differences  vere  found  betveen  groups,  either  in  the 
proportion  of  abnormal  cholesterol  levels  (p-0.322)  or  in  mean  values  of 
cholesterol  (p-0.6&8)  by  unadjusted  tests.  Hovever,  in  contrast,  analysis  of 
the  Ranch  Hand  group  versus  the  Original  Comparisons  (see  Table  K-9  of 
Appendix  K)  shoved  that  the  Comparisons  had  a  significantly  higher  proportion 
of  'abnormal  levels  than  the  Ranch  Hands  (18.3%  versus  14.5%,  respectively; 
Est.  RR:  0.76,  95*  C.I.:  [0.60,0.96],  p-0.023).  This  observation  vas  also 
found  at  Baseline.  Significant  .covariate  associations  vere  noted  betveen  the 
proportion  of  participants  vith  abnormally  high  cholesterol  levels  and  age 
(12. 7%  for  those  born  in  or  after  1942,  17. 2Z  for  those  born  betveen  1923  and 
1941,  and  18. 4%  for  those  born  in  or  before  1922;  p-0.010),  occupation  (14.9% 
for  officers,  20.5%  for  enlisted  flyers,  and  13.9%  for  enlisted  groundcrev: 
p«0.008>,  and  current  alcohol  use  (14.1%  for  one  or  less  drinks  per  day, 

16.4%  for  more  than  one  to  four  drinks  per  day,  and  21.7%  for  more  than  four 
drinks  per  day;  p-0.018) »  For  the  associations  betveen  mean  cholesterol 
levels  and  age,  occupation,  ar.d  current  alcohol  use,  the  significance  of  the 
covariate  effects  vas  greater  than  for  the  discrete  analyses  (p<0.001, 
p-0.002,  and  p<0.001,  respectively). 

The  CC  results  shoved  no  significant  group  difference  (p-0.604).  The 
model  vas  adjusted  by  age  (p<0.001),  current  alcohol  use  (p<0.001), 
industrial  chemical  exposure  (d»0.043),  and  the  race-by-degreasing  chemicals 
(p»0.021)  and  race-by-occupation  (p»0.005)  interactions.  The  CD  analysis  vas 
negative  for  significant  group  differences  (p-0.548).  The  analysis  included 
the  covariate  contributions  made  by*age  (p<0.001),  current  alcohol  use 
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(p<0.001),  and  a  race-by-occupation  interaction  (p-0.027).  The  DD  analysis 
also  shoved  no  significant  difference  between  groups  for  adjusted  proportions 
of  participants  vith  abnormal  cholesterol  levels  (p-0.181).  Contributing 
covariates  included  age  (p-0.029),  occupation  (p-0.039),  and  a  race-by¬ 
current  alcohol  use  interaction  (p-0.012).  In  all  of  the  discrete  choles¬ 
terol  analyses,  the  cutpolnt  of  260  mg/dl  vas  used. 


Triglycerides 

In  the  unadjusted  analyses,  no  significant  differences  in  the  proportion 
of  participants  vith  abnormal  triglyceride  levels  or  in  Bean  values  vere 
found  between  the  Ranch  Hand  and  Comparison  groups  (p«0.549  and  p-0.719, 
respectively) . 

The  covariate  tests  of  association  for  percent  abnormal  triglycerides 
disclosed  the  significant  effect  of  race  (2. IX  for  Blacks  and  6.7X  for 
nonblacks;  p-0.031)  and  a  marginally  significant  association  for  industrial 
chemical  exposure  (p-0.073).  For  mean  triglyceride  levels,  significant 
associations  for  age  (p<0.001),  race  (p<0.001),  occupation  (p-0.013),  current 
alcohol  use  (p-0.030),  and  degreasing  chemicals  (p-0.019)  vere  noted,  in 
addition  to  a  marginally  significant  association  vith  exposure  to  industrial 
chemicals  (p-0.077). 

The  CC  analysis  revealed  a  significant  group-by-age  interaction 
(p-0.015),  which  shoved  a  significantly  elevated  mean  triglyceride  level  in 
Ranch  Hands  (p-0.039)  born  in  or  before  1922  as  compared  to  similarly  aged 
Comparisons  (see  Table  K-l  of  Appendix  R).  There  vere  no  significant 
differences  for  the  other  two  age  strata.  4  significant  adjusting  covariate 
vas  occupation  (p<0.001);  in  addition,  the  current  alcohol  use-by-degreasing 
chemicals  (p-0.005)  and  race-by-current  alcohol  use  (p-0.031)  interactions 
vere  used  for  adjustment.  The  CD-adjusted  analysis  found  no  significant 
group  differences  (p-0.905).  The  model  vas  adjusted  by  age  (p<0.001),  race 
(p<0.001),  occupation  (p<0.001),  and  current  alcohol  use  (p-0.038). 

The  DD  analysis  found  a  significant  group-by-occupation  interaction 
(p-0.027).  Stratification  by  occupation  revealed  a  significant  increase  in 
the  proportion  of  abnormal  triglyceride  levels  for  Ranch  Hand  officers  (Adj. 
RR:  1.77,  95X  C.I.:  [1.04,3.01],  p-0.035)  but  no  significant  group 

differences  vere  discerned  for  the  enlisted  flyer  or  enlisted  groundcrev 
strata.  The  models  vere  adjusted  by  race  (p-0.926)  and  industrial  chemical 
exposure  (p-0.038).  A  cutpolnt  of  320  mg/dl  vas  used  to  distinguish  abnormal 
from  normal. 


Uroporphyrin 

The  uroporphyrin  variable  vas  analyzed  only  in  the  continuous  form.  The 
unadjusted  analysis  revealed  a  significant  difference  betveen  group  means 
(Comparisons  1’.9  mg/24  hrs,  Ranch  Hands  16.9  mg/24  hrs;  p-0.048). 

A  CC  model  found  a  significant  group-by-blood  urea  nitrogen  (BUN)  inter- 
ac-ioa  (p-0.015;  see  Table  K-l  of  Appendix  K).  To  interpret  the  interaction, 
BUN  vas  dichotomized  the  median  value  of  14  mg/dl.  Stratifying  by  BUN 
levels  revealed  a  significantly  greater  (p<0.001)  uroporphyrin  mean  for  Com¬ 
parisons  than  for  Ranch  Hands  for  BUN  levels  of  14  -or  less  mg/dl  and  a  non¬ 
significant  but  greater  Ranch  Hand  mean  for  participants  with  BUN  levels  of 
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■ore  than  14  ng/dl.  The  stratified  model  vas  adjusted  for  current  alcohol 
use  (p-0.026)  and  the  occupation-by-degreasing  chemicals  (p»0.005)  inter¬ 
action. 


Coproporphyrin 

As  vith  the  uroporphyrin  variable,  coproporphyrin  vas  analyzed  only  as  a 
continuous  variable.  The  unadjusted  analysis  revealed  a  borderline  signifi¬ 
cant  difference  in  the  mean  coproporphyrin  levels  (119.1  ag/24  hrs  for  Ranch 
Hands  and  115.6  ag/24  hrs  for  Comparisons;  p«0.Q81). 

The  covariate  tests  of  association  detected  the  significant  effects  of 
age  (p-0.003)  and  current  alcohol  use  (p-<0.001). 

A  CC  model,  adjusted  by  BUN  (p<0.001)  and  an  age-by-current  alcohol  use 
interaction  (p«0.003)  revealed  a  borderline  significant  group  difference 
(p-0.065)  similar  to  the  unadjusted  analysis.  The  adjusted  coproporphyria 
means  vere  119.3  ag/24  hrs  and  115.7  mg/24  hrs  for  the  Ranch  Hands  and  Com¬ 
parisons,  respectively. 


Discussion 


The  results  from  the  nine  hepatic  and  tvo  porphyrin  analyses  vere  not 
totally  consistent  vith  the  Baseline  findings.  Several  analytical  reasons 
may  possibly  explain  some  of  these  differences,  i.e.,  the  adjusted  analyses 
herein  used  the  additional  covariates  of  age,  race,  and  occupation  (the 
matching  variables),  and  all  tvo-vay  covariate  interactions.  Hovever,  us  the 
Baseline  data  vere  not  reanalyzed  vitb  the  model  process  and  total  Comparison 
group  used  in  this  report,  the  contribution  of  analytic  technique  versus  a 
true  change  in  hepatic  status  is  unknown . 

The  Baseline  Report  noted  a  significantly  lover  mean  cholesterol  level 
in  the  Ranch  Hands  (opposite  of  an  expected  dioxin  effect)  and  slight  tend¬ 
encies  for  higher  GGTP  and  LDF  values  in  the  Ranch  Hands  In  this  chapter, 
the  analyses  have  ahovn  equivalent  group  cholesterol  levels,  un  increased 
SGPT  mean  in  the  Comparisons,  an  increased  mean  alkaline  phosphatase  in  the 
Ranch  Hands,  an  increased  uroporphyrin  mean  in  the  Comparisons,  and  a  border¬ 
line  increased  coproporphyrin  mean  in  the  Ranch  Hands.  The  individual 
hepatic  assay  results  wore  not  suggestive  of  a  pattern  of  significant  hepatic 
damage  in  the  Ranch  Hands  that  night  be  supportive  of  an  herbicide  effect. 
Further,  there  vas  no  consistent  group-by-covariate  interaction  that  suggests 
a  detriment  to  a  specific  subcategory  of  the  Ranch  Hands. 

For  those  covariates  used  in  both  the  Baseline  study  und  this  follcvup 
3tudy,  the  direction  and  magnitude  of  their  effects  vere  relatively  consis¬ 
tent  betveen  the  studies.  Hovever,  an  unexpected  association  betveen  vine 
drinking  and  alkaline  phosphatase  lacks  a  plausible  explanation,  particularly 
considering  the  inverse  relationship,  i.e.,  increasing  alkaline  phosphatase 
levels  vith  decreasing  vine  consumption.  These  findings  suggested  the 
association  betveen  vine  and  alkaline  phosphatase  may  be  due  to  imprecision 
in  data  collection. 

None  of  the  categorical  (norm&l/abnormal  categories)  analyses  vas 
statistically  significant,  vhereas  all  of  the  significant  results  ve?e 
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generated  by  the  more  powerful  contrasts  of  continuously  distributed  hepatic 
data. 


Both  porphyrin  analyses  shoved  group  associations  and  are  in  distinct 
contrast  to  the  otherwise  largely  negative  hepatic  findings.  The  signifi¬ 
cantly  elevated  uroporphyrin  mean  value  in  the  Comparisons  was  directly 
opposite  to  that  expected  if  dioxin-induced  PCT  were  prevalent  in  the  Ranch 
Hands.  The  primary  biochemical  defect  in  PCT  is  the  reduced  activity  of 
uroporphyrinogen  decarboxylase,  an  enzyme  that  metabolizes  uroporphyrin. 
This  defect  leads  to  increased  levels  of  uroporphyrin  and  coproporphyrin. 


Questionnaire-Laboratory  Correlations:  Porphyria  Cutanea  Tarda 

In  the  interval  questionnaire  all  participants  were  asked  whether  their 
skin  manifested  "patches,"  excessive  bruises,  or  sensitivity.  These 
questions  were  deemed  important  in  order  to  bound  the  maximum  prevalence  of 
cutaneous  disorders  compatible  with  a  diagnosis  of  PCT.  These  historical 
data  are  given  in  !able  13-13. 


TABLE  13-13. 

Unadjusted  Analysis  for  Interval  History  of  Skin  Bruises, 
Skin  Patches,  and  Skin  Sensitivity  by  Group 


Bruises,  Patches, 

or  Sensitivity 

Yes 

No 

Group 

Number  Percent 

Number 

Percent 

Total 

p-Value 

Ranca  Hand 

265  26.2 

746 

73. fc 

1,011 

0.001 

Comparison 

260  20.2 

1,029 

79.8 

1,289 

These  data  revealed  that  the  Ranch  Hands  reported  significantly  more 
cutaneous?  symptoms  (26. 2X)  than  the  Com:  arisony  (20. 2%).  However,  these  data 
were  substantially  less  than  those  reported  at  the  Baseline  in-home  question¬ 
naire,  which  also  shoved  a  statistically  significant  excess  in  the  Ranch 
Hands . 

To  determine  if  the  skin  histories  might  be  related  to  PCT,  the  historic 
data  were  compared  to  the  porphyrin  test  results.  The  abnorual/noimal  cut- 
point  of  the  coproporphyrin  assays  was  reset  to  the  95'h  percentile  because 
the  normal  range  of  the  laboratory  overclassified  the  proportion  of  abnorm- 
als.  Table  13-14  gives  the  tabular  display  of  both  porphyrin  test  results  by 
the  reporting  history  of  skin  disorders. 
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TABLE  13-14. 


Unadjusted  Analyses  for  Pr  phyrln  Abnormalities 
by  Group  and  Skin  Patch,  Bruise,  or  Sensitivity 
Reported  at  Follovup  Questionnaire 


Group 


Abnormal  Porphyrin  Findings  for  e  Participant 

Skin  Patch, 

Bruise,  or  _ 0 _ 1 _ 2 _ _ 

Sensitivity 

Reported  Hunber  Percent  Nueber  Percent  Nuaber  Percent  Total  p-Value* 


Both 

Tes 

472 

90.1 

48 

9.2 

4 

■99 

524 

0.789 

Groups 

No 

1,593 

90.2 

i65 

9.3 

9* 

m 

1,767 

Ranch  Hand 

Yes 

239 

90.5 

24 

9.1 

1 

n 

264 

0.950 

No 

670 

90.3 

70 

9.4 

2 

m 

742 

Comparison 

Tes 

233 

89.6 

24 

9.2 

3 

1.2 

260 

0.742 

No 

923 

90.1 

95 

9.3 

7 

0.7 

1,025 

*Chl-square  test,  2  d.f. 


The  data  fr  a  both  groups  combined  suggest  that  there  is  no  relationship 
between  a  history  of  cutaneous  disorders,  and  porphyrin  test  positivity.  The 
group-specific  data  in  the  table  ^lso  shov  a  lack  of  a  statistically  signifi¬ 
cant  association  batvaen  tha  reporting  of  skin  patches,  bruises,  or  sensitiv¬ 
ity  and  the  presence  of  an  abnormal  porphyrir  test  rasult.  Hovever,  In  both 
the  Ranch  Hand  and  Comparison  groups,  participants  who  had  abnormal  tests  for 
both  uroporphyrins  and  coproporphyrins  vara  core  likely  to  have  reported 
cutaneous  disorders  than  participants  vith  noraal  findings  for  both  tests. 
Consequently,  the  data  vere  retabulated,  focusing  only  upon  uroporphyrin 
abnormalities  (absolutely  required  for  a  diagnosis  of  ?CT)  and  reporting  of 
cutaneous  disorders.  Thane  data  are  suaearized  in  Table  13-15. 

These  data  suggest  that  the  relative  riak  of  increased  uroporphyrin 
abnoraalities  for  Ranch  Hands  is  independmt  of  vhether  or  not  a  study 
participant  reported  skin  patches,  bruisos,  or  sensitivities  at  tha  follovup 
questionnaire  (Braslov-Day  test  of  homogeneity  of  odds  ratio,  p«0.791).  In 
each  instance  (reported/not  reported),  the  estreated  relative  risk  vas 
nonsignificant  and  less  than  1,  and  in  both  the  Ranch  Band  group  and  the 
Coeparison  group  there  vas  a  higher  percentage  of  uroporphyrin  abnoraalities 
for  participants  who  did  net  report  skin  patches,  bruises,  or  sensitivity 
than  for  participants  vbo  did  report  these  conditions. 

Thus,  the  sequential  displays  of  Tables  13-13  through  13-15  shov 
excessive  reporting  ci  PCT-lik*  cutaneous  symptoms  in  the  Ranch  Hand  group 
that  vas  not  related  to  rant  abnoraalities  for  both  uroporphyrin  and 
coproporphyrin  abnormal  test  results,  or  for  uroporphyrin  abnormalities 
alone.  These  analyses  vere  consistent  vith  the  clinical  observation  that 
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TABLE  13-15. 


Unadjusted  Analyses  for  Uroporphyrin  Abnormalities 
by  Group  and  Skin  Patch,  Bruise,  or  Sensitivity  Reported  at 

Followup  Questionnaire 


_ Group _ 

Ranch  Hand _ Comparison 

Stratifi-  Est.  Relative 

Variable  cation  Statistic  Nuaber  Percent  Number  Percent  Risk  (95X  C.I.)  p-Value 


n 

264 

260 

Skin  Patch, 

Abnoraal 

12 

4.5 

•  12 

4.6 

0.98 

(0.43,2.23) 

0.999 

Bruise,  or 

Sensitivity 

Reported 

Normal 

252 

95.5 

248 

95.4 

Uroporphyrin 

n 

742 

1,025 

Skin  Patch, 

Abnoraal 

42 

5.7 

66 

6.4 

0.89 

(0.62,1.28) 

0.547 

Bruise,  or 

Normal 

700 

94.3 

959 

93.6 

Sensitivity 
Not  Reported 


only  one  differential  diagnosis  at  the  examination  entertained  the  diagnosis 
of  PCT.  Based  on  all  of  these  observations,  PCT  vas  a  rare,  if  not  non¬ 
existent,  condition  in  the  Ranch  Hands. 


EXPOSURE  INDEX  ANALYSES 

Both  unadjusted  and  adjusted  exposure  index  analyses  were  carried  out 
for  the  nine  laboratory  tests  of  hepatic  function  and  the  tvo  porphyrin 
aetabolite  tests.  The  porphyrin  variables  vere  analysed  only  as  continuous 
variables,  while  the  others  vere  analysed  both  as  continuous  variables  and 
discretized  variables.  Five  covariates  vere  included  in  the  adjusted 
analyses:  age,  race,  current  alcohol  use,  exposure  tc  degreasing  cheaicals 
(yes/no),  and  exposure  to  industrial  cheaicals  (yes/no).  Current  alcohol  use 
vas  treated  as  a  continuous  variable  for  all  adjusted  analyses,  and  age  vas 
treated  as  a  continuous  variable  for  the  continuous  adjusted  analyses.  Age 
vas  trichotoaixed  (born  in  or  after  1942,  born  between  1923  and  1941,  and 
born  in  or  before  1922)  for  the  discrete  adjusted  analyses.  In  addition,  the. 
covariate  BUN  vas  used  in  the  porphyrin  analyses. 

For  each  variable,  exposure  level  frequencies  and  percents  are  presented 
in  Table  X-3  of  Appendix  K  along  with  the  results  of  the  unadjusted  discrete 
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analyses  using  Pearson's  chi-square  test  to  reflect  overall  exposure  index 
differences  and  Fisher's  exact  test  to  investigate  aediua  versus  low  and  high 
versus  low  exposure  level  contrasts.  Unadjusted  aeans  for  each  exposure 
level  are  presented  in  Table  K-4  of  Appendix  R,  along  with  the  results  of  the 
unadjusted  continuous  analyses  (using  an  F-tast  for  an  overall  group 
assessaent)  and  t-tests  to  exaaine  aediua  versus  low  and  high  versus  lov 
exposure  Index  contrasts.  Results  of  the  adjusted  categorical  and  adjusted 
continuous  analyses  are  presented  in  Tables  13-16  and  13-17 ,  respectively. 
These  results  are  presented  in  the  context  of  a  aain  effects  nodal  containing 
exposure  index  and  all  five  covariates.  Additional  adjusted  continuous 
analyses  were  conducted  to  exaaine  pairwise  interactions  involving  the 
exposure  index  and  the  covariates.  Unadjusted  and  adjusted  results  for  each 
variable  are  discussed  in  sequence. 


SGOT 


Vi thin  each  occupation  cohort,  the  lov  exposure  level  had  the  lowest 
percentage  of  abnoraalities  and  the  lowest  aean.  A  marginally  significant 
overall  exposure  level  relationship  (p-0.065)  was  found  in  the  unadjusted 
discrete  analysis  for  the  enlisted  groundcrev.  This  association  was  statis¬ 
tically  significant  in  the  adjusted  analysis  (p-0.023),  exhibiting  a  dose- 
response  effect;  aediua  versus  lov  (Adj.  RR:  2.14,  952  C.I.:  [0.77,5.99], 

p-0.147)  and  high  versus  lov  (Adj.  RR:  3.64,  952  C.I.:  [1.36,9.72], 

p-0.010).  A  nonsignificant  dose-response  relationship  was  observed  in  the 
corresponding  unadjusted  and  adjusted  continuous  analyses  (p-0.418  and 
P-0.409,  respectively),  vith  unadjusted  aeans  of  32.9  U/L,  33.2  U/L,  and  34.4 
U/L  for  the  low,,  aediua,  and  high  exposure  levels,  respectively.  No 
significant  results  were  found  for  enlisted  flyers  and  officers. 


SGPT 


Within  the  enlisted  groundcrev  and  enlisted  flyer  cohorts  the  lov 
exposure  level  had  the  lowest  percentage  of  abnoraalities  and  the  loves t  aean 
value.  This  situation  vas  reversed  for  the  officers  vho  exhibited  the 
highest  percentage  of  abnoraal  measurements  and  highest  aean  value  in  the  lov 
exposure  categories.  A  significant  overall  result  vas  found  for  enlisted 
flyers  in  the  adjusted  discrete  analysis  (p-0.036;  aediua  versus  lov,  Adj. 

RR:  6.55,  952  C.I.:  [1.25,34.43],  p-0.026);  high  versus  lov,  Adj.  RR: 

4.29,  952  C.I.:  [0.75,24.35],  p-0.101).  In  the  corresponding  adjusted 

continuous  analyses,  a  marginally  significant  dose-response  relationship  vas 
observed  (p-0.058)  vith  adjusted  means  18.1  U/L,  21.4  U/L,  and  21.8  U/L  for 
the  lov,  aediua,  and  high  exposure  levels,  respectively.  No  significant 
results  vere  found  for  officers  or  enlisted  groundcrev. 


GGTP 

No  significant  or  aarginally  significant  results  vere  found.  A  non¬ 
significant  dose-response  relationship  vas  seen  for  enlisted  flyers  and 
officers  in  the  continuous  analyses  but,  conversely,  a  nonsignificant 
decreasing  dose-response  relationship  vas  seen  in  the  enlisted  groundcrev. 
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TABLE  13-16.  (continued) 


I 


t 


I 

I 


s 

•a 

M 

« 

U 

I 


« 

9 

«H 

a 

> 

i 

Ob 


«  • 
>  M 
•ri  * 

3* 

as 

w 

3s 


a 

U 

w 

I 


« 
•H  O 
H 


iH  flj 

•So 

*  H 


>  <0 

3S 

H 


e 

o 


SOM  VO 

« r** 
i*.  *♦  r» 


ooo  ©oo  ooo 


r*  oo 

CO  vO 
ON  ON 


i 

CJ 

u 

© 


CM  "O 

p-  m 
•  • 
CM  CM 

at  at 

co  uo 
m  co 
•  • 
o  o 


CM  Mf 
O  ON 
•  • 
r-l  O 


ON 

CM 


m 

CM 


JO 

a 

•rt 

hi 

> 


W 

V 

o 


CO  NO  NO 
ON  CO  CO 
Mnm 


moo 
no  r*. 
•  ■ 
m  m 


CO 
•  • 
o  o 


»H  NO 

m  mt 


id  •  • 

W  SI  M 
V  >  > 
> 

ozn 


o 

CM 


« 

w 
« 

OSH 


a 

> 


r-~ 

m 


m 

NO 


m 

NO 


■a 

w 

V>  W 
•W  V 
r-l  >N 


Cm 

rj 


r» 

ON 


S3 
•  • 
o  o 


■C  On 

r»  co 
.  • 
o  o 


H  J  J  H  J  d  H  d  d 


9  •  • 
W  «  W 
«  >  > 

©  x  m 


o 

NO 


CM 

m 


> 

« 

•p  hi 
V  o 
w  -o 
a  c 

•H  9 

iH  O 

£  <5 


CM  -4  nO 
pN«  M 
CM  *-l  ON 
•  •  • 
OOO 


m  no 
o  co 
•  • 
On  Mf 

iflV 
NO  r-l 
•  • 
o  o 


32 
•  • 
CM  O 


wan 

«  >  > 

©  SC  03 


o 

CM 


ON 

CM 


NO 

CM 


W 

« 

V 


Hin* 
on  no  co 

H  H  H 
•  *  • 
OOO 


38 

•  • 

33 


CM  CO 

m  m 
•  • 
o  o 


Mf  MJ 

oo  co 
•  • 
m*  m 


n  •  * 
wan 
«  >  > 

©  x  to 


NO 

m 


MT 

NO 


-O 

m 


<v  w 

“1 
(— i  a 

J3  § 


r-t  CM  CM 

nmo 

•CION 

a  «  . 

ooo 


O  On 

m  m 

•  (i 

co 

as 

•  • 

o  o 

Naa*  M  f 

m  tm 
CO  CO 


rH  ad  »d  H  d  d  Hdd 


15 
« 

OSH 


a  a 
>  > 


s 


CO 

m 


% 


'S 

"S  3 

■M 

a  w 

1M  « 

w  T3 

5  § 

_=J  ft 

Hi  O 

^  w 

13-33 


TABLE  13-16.  (continued) 
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Enlisted  152  160  140  Overall  0.767 

Groundcrev  H  vs.  L  1.61  (0.43,6.06)  0  480 

H  vs.  L  1.40  (0.36,5.51)  0.628 


TABLE  13-16.  (continued) 
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5/ 


No  analysis  done  since  there  vere  only  three  abnornal  (one  nediun,  tvo  high). 


Adjusted  Continuous  Exposure  Index  Analyses  (Main  Effects 
Model)  for  Hepatic  Function  Variables  and  Two  Porphyrin  Determinations  by  Occupation 
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Adjusted  Continuous  Exposure  Index  Analyses  (Main  Effects 
Model)  for  Hepatic  Function  Variables  and  Two  Porphyrin  Determinations  by  Occupation 
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Groundcrev  Adj.  Mean  91.5  94.0  93.5  M  vs.  L  0.318 

B  vs.  L  0.444 


TABU  13-17.  (continued) 
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TABLE  13-17.  (continued) 
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Groundcrev  Adj.  Mean  209,6  211.1  210.1  M  vs.  L  0.742 

H  vs.  L  0.927 


TABLE  13-17.  (continued) 
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TABLE  13-17.  (continued) 
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Alkaline  Phosphatase 


For  the  enlisted  groundcrev  and  the  enlisted  flyers,  the  lowest  abnormal 
prevalence  rate  and  lowest  mean  value  vere  found  in  the  low  exposure  cate¬ 
gory.  A  nonsignificant  increasing  dose-response  relationship  was  seen  within 
these  occupations  for  the  discrete  analyses.  In  both  unadjusted  and  adjusted 
continuous  analyses,  a  marginally  significant  medium  versus  lov  contrast  was 
found  for  enlisted  flyers  <p»0.086  and  p»0.053,  respectively),  with 
unadjusted  means  of  88.9  U/L,  96.3  U/L,  and  95.2  U/L  for  the  lov,  medium,  and 
high  exposure  levels,  respectively. 


Total  Bilirubin 

Discrete  analyses  revealed  no  significant  findings;  adjusted  discrete 
analyses  for  enlisted  flyers  were  not  done  due  to  sparse  data.  Continuous 
analyses  revealed  a  significant,  overall  effect  (p-0.045,  unadjusted)  for 
enlisted  flyers,  which  was  marginally  significant  after  adjustment  (p-0.070). 
In  both  unadjusted  and  adjusted  analyses,  the  high  versus  low  mean  contrast 
was  significant  (p«0.014  and  p»0.023,  respectively),  with  unadjusted  means  of 
0.66  mg/dl,  0.73  mg/dl,  and  0.76  mg/dl  for  the  lov,  ?dium,  and  high  exposure 
levels,  respectively. 


Direct  Bilirubin 


There  were  no  significant  exposure  findings  in  either  the  continuous  or 
discrete  analyses,  although  within  each  occupational  cohort,  the  lowest 
abnormal  prevalence  rate  was  found  iu  the  lov  exposure  group. 


LDH 


The  unadjusted  discrete  analyses  revealed  no  significant  or  marginally 
significant  results.  No  adjusted  discrete  analyses  were  done  due  to  sparse 
data.  The  unadjusted  continuous  analyses  ^or  the  enlisted  groundcrev  shoved 
a  significant  overall  relationship  with  the  exposure  index  (p*0.031),  with 
mean  values  of  123.1  U/L,  122.3  U/L,  127.9  U/L  for  the  lov,  medium,  and  high 
exposure  levels;  the  high  versus  low  contrast  was  significant  (p-0.037). 
After  adjustment,  the  continuous  analyses  for  enlisted  groundcrev  revealed 
marginally  significant  results  (p»0.092,  overall;  p-0.055,  high  versus  low). 
No  significant  or  marginally  signifiraiit  results  were  seen  for  enlisted 
flyers  or  officers.  Enlisted  flyers  and  enlisted  groundcrev  had  the  largest 
mean  values  for  their  highest  exposure  category,  which  is  reversed  in  the 
officers,  who  exhibited  a  nonsignificant  decreasing  dose-response  relation¬ 
ship  with  exposure  level. 


Cholesterol 

Significant  or  marginally  significant  results  were  found  for  officers  in 
the  direction  of  a  decreasing  dose-response  relationship  in  both  the  adjusted 
continuous  (overall  p»0.049,  medium  versus  lov  p-0.C39,  high  versus  low 
P-0.029)  and  adjusted  discrete  (medium  versus  lov  p»0.085,  high  versus  low 
p-0.060)  analyses.  Neither  of  the  enlisted  cohorts  demonstratod  a  similar 
decreasing  response. 
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Triglycerides 

No  eignilicant  or  marginally  significant  results  vara  found. 

Uroporphyrins  and  Coproporphyrins 

No  significant  or  aarginally  significant  results  vara  found. 


EXPOSURE  INDEX  ANALYSES 

Additional  continuous  analyses  vere  done  to  examine  pairwise  inter¬ 
actions  involving  exposure  level  and  the  covariates.  Ten  exposure  group-by¬ 
covariate  interactions  vere  found  at  p<p.05.  All  interactions  vere  found  in 
the  enlisted  flyer  and  enlisted  groundcrev  occupations.  Eight  of  the 
interactions  involved  current  alcohol  consumption,  one  involved  age,  and  one 
involved  race.  The  interactions  are  summarized  in  Tables  K-5  and  K-6  of 
Appendix  K.  In  Table  K-5  of  Appendix  K,  the  slope  of  the  continuous  covari¬ 
ate  vith  respect  to  the  dependent  variable  is  provided  for  each  of  the  three 
exposure  levels.  Table  K-6  of  Appendix  K  presents  the  Bear,  level  of  direct 
bilirubin  for  each  of  the  three  exposure  levels  by  race.  The  interactions 
involving  current  alcohol  consumption  are  Mainly  due  to  a  nonsignificant 
dependent  variable  response  to  increasing  alcohol  consumption  in  the  lov 
exposure  group  in  contrast  to  a  signifiernt  positive  response  for  the  medium 
and  high  groups.  The  SGOT,  SGPT,  end  GGT?  interaction  results  for  the 
enlisted  groundcrev  provide  support  for  an  interpretation  of  herbicide 
effect. 

In  sumaary,  the  nine  hepatic  function  variables  and  tvo  porphyrin 
metabolite  variables  shoved  no  conclusive  evidence  of  a  dose-response 
relationship  at  the  follovup  examination.  Five  overall  exposure  group 
differences  vere  found.  Only  tvo  of  these  (SGOT  for  enlisted  groundcrev,  and 
total  bil  i.ubin  for  enlisted  flyers)  supported  a  dose-response  relationship. 


LONGITUDINAL  ANALYSES 

Three  hepatic  enzyme  variables,  SGOT,  SGPT,  and  GGTP,  vere  chosen  for 
longitudinal  analysis,  spanning  the  spectrum  of  intermediate  to  acute 
effects.  These  test  variables  vere  chosen  because  both  the  Baseline  and  the 
tollcvup  assays  vere  performed  by  the  high-precision  ACA  500*  DuPont 
technology.  The  data  from  these  three  hepatic  variables  are  arrayed  in 
Table  13-10. 

The  SGOT  and  SGPT  data  shoved  slight  but  uniform  increases  from  the 
Baseline  examination.  These  increases  vere  proportit nately  the  same  for  both 
the  Ranch  Hand  and  Comparison  groups.  These  changes  may  reflect  an  aging 
effect  or  are  due  to  laboratory  variation.  As  indicated  by  the  equality-of- 
difference  p-values,  none  of  the  three  hepatic  variables  shoved  a  statisti¬ 
cally  significant  difference  in  the  changes  from  Baseline  to  follovup  between 
group' 


13-43 


TABLE  13-18 


Longitudinal  Analyses  for  SGOT,  SGPT,  and  GGTP: 

A  Contrast  of  Baseline  and  First  Follovup  Examination  Test  Means 


Means 


Variable 

Group 

Total 

Baseline 

- 1953 

Follovup 

p-Value* 

(Equality  of  Difference) 

SGOT 

Ranch  Hand 

971 

32.91 

33.73 

0.61 

Comparison 

1,139 

32.97 

33.73 

SGPT 

Ranch  Hand 

971 

20.08 

21.82 

0.72 

Comparison 

1,139 

20.51 

22.44 

GGTP 

Ranch  Hand 

971 

39.26 

33.16 

0.63 

Comparison 

1,139 

38.64 

32.35 

♦Analyzed  in  log  units. 


SUMMARY  AND  CONCLUSIONS 

The  interval  questionnaire  revealed  sparse  reporting  of  liver  disorders 
from  1982  to  1985  that  was  not  significantly  different  betveen  groups. 
Historical  liver  disease  vas  verified  by  medical  records,  and  these  data  were 
added  to  the  verified  Baseline  history  to  assess  possible  lifetime  differ¬ 
ences.  No  significant  differences  vere  found.  The  medical  record  verifica¬ 
tion  process  showed  that  the  historical  data  vere  generally  correctly 
reported  and  classified  between  groups,  except  for  the  category  of  enlarged 
liver  vhich  showed  a  higher  verification  rate  in  the  Comparison  group. 

Digestive  system  mortality  showed  an  overall  nonsignificant  excess  in 
the  Ranch  Hands,  but  a  relative  nonsignificant  excess  of  malignant  neoplasms 
in  the  Comparisons. 

No  differences  were  found  for  past  or  current  peptic  ulcer  disease  for 
the  Ranch  Hand  and  Comparison  groups,  adjusted  for  standard  covariates  as 
well  as  blood  type. 

The  physical  examination  disclosed  a  borderline  significant  increase  of 
hepatomegaly  in  the  Ranch  Hand  group.  Emphasis  vas  placed  on  nine  laboratory 
test  variables  measuring  liver  function,  i.e.,  serum  glutamic-oxaloacetic 
transaminase  (SGOT),  serum  glutamic-pyruvic  transaminase  (SGPT),  gamma- 
glutamyl  transpeptidase  (GGTP),  alkaline  phosphatase,  total  and  direct 
bilirubin,  lactic  dehydrogenase  (LDH),  cholesterol,  and  triglycerides.  In 
addition,  uroporphyrin  and  coproporphyrin  measurements  vere  obtained  to 
assess  liver  function  and  the  likelihood  of  porphyria  cutanea  tarda  (PCT). 

The  nine  hepatic  variables  vere  subjected  to  continuous  and  categorical 
statistical  tests,  and  vere  adjusted  for  the  covariates  age,  race,  occupa¬ 
tion,  current  alcohol  consumption,  and  unprotected  exposure  to  both  indus¬ 
trial  chemicals  and  degreasing  chemicals.  Final  statistical  models  used  only 
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the  significant  covariates  and  tvo-vay  interactions  for  adjustment.  The  tvo 
porphyrin  measurements  vere  analyzed  only  in  the  continuous  form.  The  over¬ 
all  summary  results  of  the  analyses  of  these  11  variables  are  given  in 
Table  13-19. 

The  results  shoved  a  significantly  lover  mean  SGPT  level,  a  greater  mean 
alkaline  phosphatase  level,  a  lover  mean  uroporphyrin  level  for  Ranch  Hands 
as  contrasted  vlth  Comparisons,  and  a  marginally  significant  greater  mean 
coproporphyrin  level.  Only  in  the  instance  of  alkaline  phosphatase  did  the 
discrete  analysis  approach  statistical  significance.  No  group  differences 
vere  noted  for  SGOT,  GGTP,  total  and  direct  bilirubin,  LDH,  cholesterol,  or 
triglycerides.  Hovever,  an  analysis  using  only  the  Original  Comparisons 
revealed  a  significantly  greater  mean  cholesterol  level  in  the  Comparison 
group.  A  reviev  of  the  covariate -effects  in  the  adjusted  statistical  models 
revealed  that  all  covariares  behaved  as  expected  vith  the  exception  of  alco¬ 
hol  consumption  for  the  alkaline  phosphatase  analysis,  vhich  shoved  an  in¬ 
verse  relationship  vith  vine  consumption. 

Exploration  of  group-by-group  covariate  interactions  for  alkaline  phos¬ 
phatase,  direct  bilirubin,  triglycerides,  SGOT,  and  uroporphyrins  revealed 
significant  group  differences  vithin  specific  covariate  strata.  In  particu¬ 
lar,  Ranch  Hands  exposed  to  industrial  chemicals  had  a  significantly  higher 
adjusted  mean  level  of  alkaline  phosphatase  and  a  significantly  higher  abnor¬ 
mal  prevalence  rate  of  direct  bilirubin  than  similarly  exposed  Comparisons. 
For  triglycerides,  Ranch  Hands  born  in  or  before  1922  had  a  significantly 
higher  adjusted  mean  level  than  similar  aged  Comparisons,  vhile  Ranch  Hand 
officers  exhibited  a  significantly  higher  abnormal  prevalence  rate  than  Com¬ 
parison  officers.  For  SGOT,  Ranch  Hand  moderate  current  drinkers  (more  than 
one  to  four  drinks  per  day)  had  a  significantly  higher  mean  level  than  cor¬ 
responding  Comparisons.  In  the  opposite  direction,  Comparisons  vith  a  mean 
BUN  level  less  than  or  equal  to  14  (median  for  all  participants)  vere  found 
to  have  a  significantly  higher  adjusted  mean  uroporphyrin  level  than  similar 
Ranch  Hands.  These  results  did  not  disclose  any  common  pattern  detrimental 
to  the  Ranch  Hand  group. 

These  findings  vere  generally  consistent  vith  the  1982  Baseline  data, 
vhich  disclosed  a  significantly  increased  mean  cholesterol  level  in  the 
Comparisons  and  nonsignificant  Ranch  Hand  mean  elevations  for  GGTP  and  LDH. 
Slight  differences  in  analytic  results  are  probably  due  to  the  use  of  more 
fully  adjusted  models  used  for  the  follovup  examination  data. 

Overall,  the  follovup  examination  laboratory  data  shoved  no  adverse 
clinical  or  exposure  patterns  in  either  group.  Further,  the  detection  of 
significant  mean  shifts  (still  vithin  normal  range)  by  the  continuous  statis¬ 
tical  tests,  not  mirrored  by  the  categorical  tests,  suggests  a  circumstance 
of  statistical  pover  rather  than  findings  of  biological  relevance. 

Of  the  five  significant  or  marginally  significant  results  that  vere 
found  in  the  sidjusted  exposure  index  analyses,  four  exhibited  a  trend  sug¬ 
gestive  of  an  increasing  dose-response  relationship.  In  the  enlisted  flyer 
cohort,  the  percentages  of  SGPT  abormalities  vere  significantly  different  and 
increased  from  the  lov  to  the  high  exposure  categories.  The  corresponding 
mean  values  vere  marginally  signif icantly  different  among  exposure  levels. 
Also,  the  mean  levels  of  total  bilirubin  vere  marginally  significantly  dif¬ 
ferent  among  exposure  levels,  increasing  vith  exposure  level.  For  enlisted 
groundcrev,  the  percentage  of  SGOT  abftormalities  significantly  differed  among 
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TABLE  13-19 


Overall  Su— ary  Results  of  Unadjusted 
and  Adjusted  Analyses  of  Nine  Hepatic  Function  Variables 
and  Two  Porphyrin  Metabolite  Tests 


Variable 


Unadjusted 
Mean  Categorical 


Mean 

CC 


Adjusted* _ 

Categorical 

ur> : — Tar — 


Direction 

of 

Results** 


Questionnaire 


Liver  Disease 
(Lifetime  History) 


Hepatitis 

— 

NS 

— 

— 

— 

Jaundice 

— 

NS 

— 

— 

— 

Cirrhosis 

— 

NS 

— 

— 

— 

Enlarged  Liver 

— 

NS 

— 

— 

— 

Miscellaneous 

Liver  Disorders 
Peptic  Ulcer 

NS. 

Disease 

— 

NS 

— 

— 

NS* 

Physical  Examination 

Hepatomegaly 

— 

NS* 

— 

— 

— 

RH>C 

Laboratory  Testing 

SGOT 

NS 

NS 

NS 

**** 

NS 

SGPT 

NS* 

NS 

0.048 

0.029 

NS 

C>RH 

GGTP 

NS 

NS 

NS 

NS 

NS 

Alkaline  Phosphate 

0.009 

NS 

0.008 

**** 

NS* 

RH>C 

Total  Bilirubin 

NS 

NS 

NS 

NS 

NS 

Direct  Bilirubin 

NS 

NS 

NS 

NS 

**** 

LDH 

NS 

NS 

NS 

NS 

Cholesterol 

NS 

NS 

NS 

NS 

NS 

Triglycerides 

NS 

NS 

NS 

**** 

Uroporphyrin 

0.048 

— 

**** 

— 

— 

C>RH 

Coproporphyrin  NS* 

Questionnaire-Laboratory  Correlation 

NS* 

RH>C 

Skin  Bruises,  Patches 
and  Sensitivity 

f 

0.001 

— 

— 

— 

RH>C 

*C:  Continuous 
D:  Discrete 

**RH>C:  more  abnormalities,  or  higher  mean  value,  in  Ranch  Hands. 
C>RH:  more  abnormalities,  or  higher  mean  value,  in  Comparisons. 
‘Adjusted  for  blood  type. 

NS:  Not  significant  (p>0.10). 

NS*:  Borderline  significant  (0.05<p<0. 10) . 

— Analysis  r.ol  performed. 

****Group-by-covariate  interaction. 
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exposure  levels.  Vithin  the  enlisted  flyer  cohort,  all  nine  laboratory  tests 
of  hepatic  function  had  the  lowest  percentage  of  abnormalities  in  the  low 
exposure  category;  correspondingly,  six  of  the  nine  mean  levels  were  lowest 
for  the  low  exposure  category.  Of  the  ten  group-by-covariate  interactions 
that  were  found,  three  (SGOT,  SGPT,  and  GGTP)  supported  a  dose-response  rela¬ 
tionship  in  the  enlisted  groundcrew  cohort.  Exploration  of  these  inter¬ 
actions  revealed  a  trend  that  showed  an  increasing  association  between  cur¬ 
rent  alcohol  consumption  and  the  dependent  variables  for  increasing  exposure 
levels. 

Longitudinal  analyses  for  SGOT,  SGPT,  and  GGTP  disclosed  no  statistic¬ 
ally  significant  group  differences  in  the  mean  shifts  from  the  Baseline  to 
the  followup  examination. 

Interval  reporting  of  PCT-like  symptoms  of  skin  patches,  bruises,  and 
sensitivity  we s  significantly  increased  in  the  Ranch  Bands  (p-0.001).  How¬ 
ever,  when  these  historic  data  were  contrasted  to  both  uroporphyrin  and 
coprcporphyrin  abnormalities,  no  correlation  was  apparent,  nor  were  there  any 
significant  group  differences.  Since  an  elevation  in  the  uroporphyrin  level 
is  required  for  a  diagnosis  of  FCT,  the  historic  data  were  retabulated  vith 
only  uroporphyrin  abnormalities;  again,  no  group  differences  were  apparent, 
*nd,  in  fact,  uroporphyrin  abnormalities  in  both  groups  were  higher  in  those 
participants  without  a  history  of  skin  disorders  than  in  those  participants 
with  such  a  history.  The  likelihood  of  bona  fide  POT  among  study  partici¬ 
pants,  and  particularly  among  the  Ranch  Bands,  appears  to  be  remote. 

In  conclusion,  the  followup  examination  disclosed  more  statistically 
significant  findings  for  tests  of  liver  function  than  the  Baseline  exami¬ 
nation,  but  they  were  equally  divided  between  the  two  groups  and  did  not 
demonstrate  clinical,  statistical,  or  exposure  patterns  consistent  with  an 
herbicide-related  effect  on  health.  No  evidence  was  found  to  suggest  an 
increased  likelihood  of  PCT  among  the  Ranch  Hand  group. 
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DERMATOLOGICAL  EVALUATION 


httroouctio* 

The  skin  is  a  major  target  organ  folloving  heavy  exposure  to  chlorophe- 
nols  and  dioxin  and,  therefore,  is  a  primary  focus  of  th?  APHS  clinical  exam¬ 
ination. 


Since  the  association  between  chlorinated  chemicals  and  chloracne  vas 
first  noted  in  1957,  ‘  a  variety  of  animal  experiments  have  shown  the  dermal 
sensitivity  of  rabbits,  monkeys,  and  hairless  mice  to  TCDD,  2,4,5-T  (contami¬ 
nated  with  TCDD),  and  other  chlorinated  dibenso  compounds,  furans,  or  their 
iirominated  analogs."  Chloracne  is  not  associated  with  exposure  to  2,4-D. 
Accidental  exposure  to  waste  oils  containing  TCDD  has  caused  significant 
dermal  symptoms,  including  loss  of  hair,  ulcerative  dermatitis,  and  inflamed 
mucous  membranes  in  horses,  dogs,  cats,  and  mice.  Studies  have  suggested 

that  the  chloracnegens  induce  a  series  of  pathological  skin  changes  in  target 
cells  of  the  epithelial  lining  of  sebaceous  glands  via  the  Ah  receptor. 
Hyperkeratinization  of  these  cells  eventually  leads  to  the  formation  of  the 
coaedone  characteristic  of  acne. 


In  humans,  development  of  the  hallmark  rash,  chloracne,  is  generally 
acknowledged  to  represent  substantial  topical  or  systemic  exposure  to  one  or 
more  chloracnegens.1'  ~  Acute  fulminant  chloracne  is  characterized  by 

a  aaculcpapular  rash  of  active  comedones,  conforming  to  an  eyeglass  or  facial 
butterfly  distribution,  often  accompanied  by  chest,  back,  or  eyelid 
lesions.  ’ 


The  severity  of  the  chloracne  appears  to  be  generally  dose  related,  but 
may  also  depend  on  the  route  of  administration,  age,  genetic  predisposition, 
and/or  the  existence  of  acne  vulgaris  or  other  skin  disorders.  '  '  Occa¬ 

sionally,  exposure,  via  contaminated  clothes  :  an  industrial  vorker,  has 
been  associated  vith  chloracne  in  family  members.  Sequelae  from  severe 
chloracne  include  actinic  elastosis,5appe  scars,  disfigurement,  excessive 
hair  growth,  and  Peyronie's  disease.5'  Severe  chloracne  is  often  accom¬ 
panied  by  acute  effects  in  other  organ  systems.  In  contrast,  lov  to  moderate 
exposure  to  chloracnegens  generally  produces  mild  chloracne  vith  fev,  if  any, 
attendant  systemic  signs  and  symptoms. 

The  clinical  diagnosis  of  acute  chloracne  is  easier  than  the  diagnosis 
of  subacute  and  chronic  chloracne.  In  the  latter  instances,  a  history  of 
exposure  to  chloracnegens  is  essential  in  the  diagnosis,  particularly  if  the 
individual  has  experienced  adolescent  acne.  Chronic  chloracne  has  been 
•clinically  observed  more  than  30  years  after  onset,  8  but  a  biopsy  is  often 
necessary  to  confirm  these  cases.  Mild  or  transient  cases  of  chloracne  may 
be  confused  vith  persistent  adolescent  acne  or  other  skin  conditions. 


14-1 


As  noted  in  the  AFHS  Baseline  Morbidity  Report,  over  one-half  of  the 
veteran  complaints  in  the  Veterans  Administration  Herbicide  Registry  involved 
dermatological  conditions,  a  fact  sometimes  alluded  to  as  "evidence"  of  ex¬ 
posure  to  Agent  Orange.  In  actuality,  shin  disease  vas  a  major  medical  prob¬ 
lem  among  American  troops  serving  in  Vietnam.  Forty-seven  percent  of  the 
combat-days  lost  in  the  9th  Infantry  Division  from  July  1968  to  June  1969 
vere  due  to  dermatological  conditions.  These  diseases  were  directly 
related  to  the  tropical  climate  and  terrain.  Only  in  rare  cases  has  the 
Veterans  Administration  made  a  diagnosis  of  chloracne  in  a  Vietnam  combat 
veteran.  The  natural  history  of  chloracne  suggests  that  most  cases  should 
have  been  diagnose^  vhlle  in  Vietnam,  but  a  dermatological  survey  failed  to 
reveal  any  cases. 

Most  recognised  chloracne  cases  have  been  diagnosed  in  chemical  plant 
vorkers  or  in  victims  of  industrial  accidents.  Thousands  of  cases  vere 
recorded  in  the  1930-1940  era,  and  earlier  descriptions  of  chloracne- like 
disease  vere  found  in  1897  to  1901.  1  Industrial  exposure  to  chloracnegens 
has  been  generally  characterised  as  moderate-prolonged  or  severe-acute.  In 
the  setting  of  casual-sporadic  exposure,  as  in  the  typical  cases  of  the  con¬ 
taminated  housing  areas  in  Times  Beach.  (Hssouri,  and  the  Quail  Run  Trailer 
Park,  chloracne  is  virtually  unknovn. 

A  number  of  dioxin  morbidity  studies  have  shoyn  a  clustering  of  abnormal 
laboratory  tests  in  individuals  vith  chloracne.  '  This  has  led 

some  investigators  to  believe  that  long-term  sequelae  to  dioxin  exposure  vill 
be  found  only  in  people  vith  chloracne.  Other  investigators  feel  that  this 
belief  is  not  consistent  vith  normal  spectrua-^|-iliness  concepts  and  that 
effects  may  occur  in  the  absence  of  chloracne. 


Baseline  Summary  Results 

The  1982  Baseline  clinical  examination  revealed  an  unexpected  signifi¬ 
cant  excess  (p«0.03)  of  basal  cel?,  carcinoma  in  the  Ranch  Hand  group.  Risk 
factor  data  (e.g.,  sun  exposure,  host  factors  of  tannability,  complexion) 
vere  not  collected  in  1982. 

The  1982  examination  focused  on  the  diagnosis  of  chloracne  both  in  his¬ 
torical  terns  by  a  detailed  questionnaire  and  ir  contemporary  terms  via  a 
comprehensive  clinical  assessment.  The  questionnaire  data  did' not  demon¬ 
strate  anatomic,  incidence,  or  onset-time  patterns  of  acne  in  the  Ranch  Hand 
group  that  might  support  an  inference  of  past  chloracne,  nor  did  the  physical 
examination  detect  a  single  case.  Fourteen  biopsies  from  11  participants 
also  failed  to  document  a  chloracne  diagnosis.  A  dermatology  4ndex  (the 
number  of  clinically  detected  skin  abnormalities  per  individual)  vas  virtu¬ 
ally  identical  betveen  the  Ranch  Hand  and  Comparison  groups,  and  vas  asso¬ 
ciated  vith  the  histccy  of  past  acne  in  both  groups.  Mo  exposure  level 
associations  vere  noted  in  any  occupational  category  of  the  Ranch  Hand  group. 
The  comprehensive  dermatological  assessment  did  not  reveal  evidence  of  past 
or  current  chloracne  in  the  Ranch  Hand  group. 


Parameters  of  the  1985  Dermatological  Evaluation 

Questionnaire  data  recaptured  many  of  the  acne  parameters  of  the  1982 
questionnaire,  and  the  physical  examination  parameters  vere  similar  to  the 
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19v -  Baseline  examination.  Particular  emphasis  vas  given  to  the  diagnosis  of 
basal  cell  carcinoma  and  to  the  collection  of  risk  factor  data,  e.g.,  skin 
color,  reaction  to  sun,  ethnic*  y  (see  Chapter  10,  Malignancy). 

Thuc,  the  dependent  variables  arid  covariates  of  the  analyses  belov 
closely  approximated  those  previously  conducted  on  the  Baseline  examination 
and  questionnaire  data.  The  adjusted  statistical  analyses  were  based  on 
logistic  regression  (BMDP*-LR)  and  log-linear  models  (BMDP*-4F),  and  the 
unadjusted  analyses  primarily  use  Pearson's  chi-square  test  and  Fisher's 
exact  test.  In  addition,  an  empiric  Venn  diagram  vas  used  to  explore  the 
potvntial  of  historic  chloracne.  Parallel  analyses  using  only  Original  Com¬ 
parisons  are  presented  in  Tables  L-3  through  L-ll  of  Appendix  L. 


RESULTS  AND  DISCUSSION 


General 


Detailed  derma toiogical  data  were  obtained  by  standard  physical  examina¬ 
tion  techniques.  Numeric  differences  in  summary  tables  reflect  missing  de¬ 
pendent  variable  and  undeterminable  covariate  information.  One  participant 
refused  the  dermatology  examination;  consequently,  all  skin  disorder  analyses 
were  based  on  2,308  participants.  Date:  were  collected  on  22  skin  disorders, 
which  were  in  turn  reduced  to  eight  variables  for  analysis:  comedones,  acne- 
ifo’-m  lesi.  us,  acneiform  scars,  depigmantation,  inclusion  cysts,  hyperpig- 
mer.tati.on,  other  abnormalities,  and  the  dermatology  index.  Descriptions  of 
shin  biopsies,  which  were  also  conducted  at  the  physical  examination,  are 
given  in  this  chapter.  Follovup  questionnaire  information  regarding  the 
presence,  time,  and  location  of  acne  was  also  analyzed.  The  analyses  in  this 
chapter  first  investigate  questionnaire  information  on  acne,  and  subsequent 
analyses  center  upon  the  eight  skin  disorder  variables  and  the  skin  biopsies. 

Four  covarictes  were  included  in  this  analysis:  age,  race,  occupation, 
and  presence  of  acne  before  duty  in  Southeast  Asia.  Age  is  used  in  its  con¬ 
tinuous  form  tor  all  adjustei  logistic  regression  analyses,  but  age  is  tri- 
c.hotomized  (born  in  1942  or  a:?ter,  born  between  1923  and  1941,  anC  born  in 
1922  or  before)  for  presentation  in  summary  tables  and  for  use  in  dependent 
variar  and  covariate  association  analyses  and  log-linear  models.  Partici¬ 
pants  v_re  categorized  as  either  Black  or  nonblack.  Occupation  was  divided 
into  the  three  classifications  of  officer,  enlisted  flyer,  and  enlisted 
grcundcrev.  Samnle  size  differences  in  subsequent  adjusted  analyses  reflect 
missing  depende  -  variable  data  or  missing  data  on  the  presence  of  acne 
before  duty  in  Southeast  Aria. 


Questionnaire  Data 

The  acne  status  of  each  participant  vas  determined  by  Baseline  and 
followup  quest* onnaire  information.  In  particular,  the  occurrence  of  acne 
and  the  dates  for  acne  occurrence  have  been  determined  and  analyzed.  Addi¬ 
tionally,  the  analysis  of  the  location  of  acne  is  presented  for  a  subset  of 
the  participants  who  have  had  acne. 

Figure  14-i  below  is  a  diagram  explaining  the  occurrence  of  acne  by  time 
determination  for  the  ,  309  participants,  along  with  frequencies  and  an 
explicit: ion  of  terms. 
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Determination 


(205) 


Presence  of  Acne 

All  Acne  in  1961  or  Before 
(for  Participants  with 
Acne) 

Acne  Reference  to 
Beginning  of  First  SEA 
Tour  of  Duty  (for 
Participants  with  Acne 
Sometime  after  1961) 


Yes  to  Acne  —  Reported  erne  on  both /either  Baseline  and/or  followup  study. 

No  to  Acne  —  Never  had  acne. 

Pre-1961  Acne  —  Participants  with  acne  who  had  last  occur;  ence  of  acne  in  or  before  1961. 

Post-1961  Acne  —  Participants  with  acne  who  had  an  occurrence  of  acne  sometime  after  1961. 

Undetermined  —  Time  reference  not  determinable  from  date  information  available. 

Fre-SEA  Acne  —  Participants  with  post-1961  acne  who  had  all  occurrences  of  acne  before  the  start  of 
first  Southeast  Asia  (SEA)  tour  (as  determined  from  military  records). 

Post-SEA  Acne  —  Participants  wiih  post-1961  acne  who  had  ail  occurrences  of  acne  after  the  start  of 
first  SEA  tour. 

Pre-  and  Post-SEA  Acne  —  Participants  with  post-1961  acns  who  had  multiple  occurrences,  both 

before  and  after  the  start  of  first  SEA  tour,  or  a  case  of  acne  that  began 
before  the  start  of  first  SEA  tour  and  that  ended  after  starting  SEA  tour. 

*:  Analysis  of  location  of  acne  performed  for  these  participants. 


Figure  14-1. 

Occurrence  of  Acne  by  Time  for 
First  Followup  Participants 
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The  distinction  vas  made  between  pre-1961  and  post-1961,  since  herbicide 
missions  in  Vietnam  commenced  in  1962.  Responses  of  2,309  participants 
indicated  that  1,415  individuals  never  had  acne,  379  had  acne  before  1961, 

138  had  acne  after  1961  but  before  duty  in  SEA,  205  had  acne  both  before  and 
after  duty  in  SEA,  146  had  acne  only  after  SEA  duty,  and  26  participants 
could  not  be  specifically  classified. 


Occurrence  of  Acne 

The  reported  occurrence  of  acne,  as  determined  by  Baseline  and  followup 
questionnaires,  is  displayed  in  Table  14-1.  The  analysis  shoved  that  the 
Ranch  Hand  group  reported  slightly  more  acne  than  the  Comparison  group, 
although  the  difference  is  nonsignificant  (p-0.111).  Analyses  using  Original 
Comparisons  only  shoved  a  borderline  significance  (p-0.071)  found  in  Tablt  L-3 
of  Appendix  L. 

The  participants  who  responded  "yes"  to  acne  were  categorized  according 
to  whether  thoir  acne  occurred  before  or  after  1961.  The  distribution  of 
pre-1961  versus  post-1961  acne  is  given  in  Table  14-2. 


TABLE  14-1. 

Unadjusted  Analysis  for  Reported  Historical 
Occurrence  of  Acne  by  Group 


Acne 


Yes 

No 

Group 

Number 

Percent 

Number 

Percent 

Total 

Summary 

Statistics 

Ranch  Hand 
Comparison 

412 

482 

40.6 

37.3 

604 

811  « 

59.4 

62.7 

1,016 

1,293 

Est.  RR:  1.15 

95*  C.I.: 
(0.97,1.36) 
p-Value:  0.111 

Total 

894 

1,415 

2,309 
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TABLE  14-2. 


Unadjusted  Analysis  for  Reported  Historical  Occurrence  of  Acne 
Relative  to  1961  by  Group* 


Occurrence  of  Acne 


Post-1961 

Pre- 

■1961 

Group 

Number  Percent 

Number 

Percent 

Total 

Summary 

Statistics 

Ranch  Hand 
Comparison 

239  58.3 

271  56.6 

171 

208 

41.7 

43.4 

410 

479 

Est.  RR:  (for  post- 
1961  cases):  1.07 
952  C.I.:  (C.82, 
1.04) 

p-Value :  0 . 634 

Total 

510 

379 

889 

*Five  participants  deleted  due  to  missing  data  at  time  of  occurrence. 


As  shovn,  no  significant  difference  in  the  distribution  of  post-1961 
versus  pre-1961  acne  existed  between  Ranch  Hands  and  Comparisons  (p-0.634). 

Cases  of  post-1961  acne  were  classified  to  SEA  tour(s)  of  duty,  as 
determined  by  military  records.  The  distribution  of  post-1961  acne  cases 
relative  to  SSA  is  shovn  in  Table  14-3. 

This  marginal  significance  (p-0.058)  was  due  primarily  to  a  larger 
percentage  of  Ranch  Hands  in  the  post-SEA  category,  as  contrasted  with  the 
Comparisons  (35.12  versus  25.32). 


Duration  of  Acne 

The  approximate  duration  of  acne  was  examined  among  the  three  SEA 
categories  by  group  using  c  two-factor  analysis  of  variance.  The  calculation 
of  acne  duration  for  participants  with  multiple  occurrences  in  overlapping 
time  periods  counted  time  periods  only  once.  A  square  root  transformation 
was  used  to  normalize  the  duration  data.  Results  from  duration  of  acne 
analyses  are  given  in  Table  14-4. 
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TABLE  14-3 . 


Unadjusted  Analysis  for  Reported  Historical  Occurrence  of  Acne 
Relative  to  SEA  Tour  of  Duty  for  Post-1961  Acne  by  Group* 


Post-1961  Acne 


Group 

Pre- 

-SEA 

Post- 

-SEA 

Pre-  and 
Post-SEA 

Total 

p-Value 

Number 

Per  ant 

Number 

Percent 

Number  Percent 

Ranch  Hand 

58 

25.4 

80 

35.1 

90  39.5 

228 

0.058 

Comparison 

80 

30.7 

66 

25.3 

115  44.1 

261 

Total 

138 

146 

205 

489 

*Tventy-one  post-1961  participants  with  acne  deleted  due  to  missing  data  on  time 
of  occurrence. 


TABLE  14-4. 

Adjusted  Analysis  for  Duration  of  Acne  (in  Tears) 
for  Post-1961  Acne  by  Group* 


Adjusted  Covariate 

Group  Total  Mean**  95X  C.I.**  p-Value  Remarks 


Ranch  Hand 

219 

8.18 

(7.43,8.96) 

0.189 

Time  Reference  to 

Comparison 

252 

7.49 

(6.82,8.19) 

SEA  (p<0.001) 

Total 

471 

♦Eighteen  participants  deleted  due  to  missing  data  on  time  of  occurrence. 
♦♦Converted  from  square  root  scale. 


This  adjusted  analysis  shoved  no  significant  effect  due  to  group 
(p-0.189),  but  a  highly  significant  effect  due  to  SEA  category  (p<0.001), 
with  the  pre-  and  post-SEA  category  having  higher  mean  durations  than  the 
pre-SEA  or  post-SEA  categories,  which  were  nearly  identical.  No  interaction 
was  present  between  group  and  SEA  category  (p=0.314).  A  categorical  analysis 
was  performed,  in  which  duration  was  categorized  into  5-year  increments  (five 
duration  categories,  the  last  being  greater  than  20  years).  There  was  no 
significant  difference  between  groups  (pre-SEA,  p=0.520;  post-SEA,  p*0.776; 
pre-  and  post-SEA,  p-0.880). 


Location  of  Acne 

The  location  of  acne  for  participants  classified  as  post-SEA  or  pie-  and 
post-SEA  (351  participants)  was  analyzed.  Spatial  distribution  of  acne  with 
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primary  emphasis  on  acne  on  the  temples,  around  the  eyes-,  or  on  the  ears  vas 
determined  from  the  questionnaire;  these  data  are  presented  in  Figures  14-2 
and  14-3.  Figure  14-2  shovs  the  distribution  of  acne  for  Ranch  Hands  and 
Comparisons,  for  post-SEA  and  pre-  and  post-SEA  participants  combined,  vhere- 
aa  Figure  14-3  represents  a  similar  distribution  for  only  post-SEA  partici¬ 
pants.  If  more  than  one  episode  of  acne  occurred,  cases  involving  the  tem¬ 
ples,  eyes,  or  ears  took  precedence.  Also,  multiple-site  involvement  took 
precedence  over  single-site  involvement. 

The  Ranch  Hand  and  Comparison  Venn  diagrams  vere  contrasted  by  chi- 
square  analysis  of  a  2x8  table,  and  no  difference  in  the  spatial  distribution 
vas  noted  for  the  combination  of  pre-  and  post-SBA  and  post-SEA  groups 
(p-0.706),  or  for  the  analysis  of  only  the  post-SEA  group  (p»0.699).  Sparse 
data  cells  vere  present  in  the  analysis  of  both  figures.  Differences  in 
spatial  distributions  vere  also  not  evident  vhen  the  "other  sites"  classi¬ 
fication  vas  deleted  (p»0.770  and  p«0.664,  respectively).  If  the  intersec¬ 
tion  of  the  circles  in  these  figures  (i.e.,  temples,  ears,  and  eyes)  is 
contrasted  vith  the  rest  of  the  locations  of  acne,  no  significant  difference 
is  seen  (p-0.189  and  p-0.627  for  the  combination  of  post-SEA  and  pre-  and 
post-SEA  groups  and  for  only  the  po3t-SEA  group,  respectively). 


Physical  Examination  Data 

Twenty- tvo  skin  disorders  vere  assessed  at  the  dermatological  examina¬ 
tion  (page  C-9  of  Appendix  C).  These  disorders  vere  combined  into  eight 
variables  for  analytic  purposes.  Comedones,  acneiform  lesions,  acne i form 
scars,  depigmentation,  Inclusion  cysts,  and  hyperpigmentation  vere  analyzed 
separately.  The  remaining  16  conditions  vere  grouped  to  form  a  broad  vari¬ 
able  called  "other  abnormalities."  Analysis  of  skin  cancer  is  included  in 
the  malignancy  chapter  and  will  not  be  discussed  here.  Additionally, 
comedones,  acneiform  lesions,  acneiform  scars,  and  inclusion  cysts  vere 
grouped  to  construct  a  dermatology  index,  vhich  summed  the  number  of  abnor¬ 
malities  for  these  four  conditions  for  each  participant.  Logistic  regression 
techniques,  vith  the  use  of  BMDP*-LR,  vere  utilized  for  adjusted  analyst  of 
all  these  variables  except  the  dermatology  index,  vhich  used  BMDP*-*.  The 
sample  sizes  vere  sufficient  to  detect  a  27-percent  increase  in  the  preva¬ 
lence  rate  for  comedones,  a  30  percent  increase  in  the  prevalence  r  »  for 
acneiform  scars,  and  a  12  percent  increase  in  the  prevalence  of  at  least  one 
abnormality  for  the  dermatology  index,  using  a  tvo-sided  a  -level  of  0.05 
vith  a  pover  of  0.80.  No  cases  of  chloracne  vere  chemically  diagnosed. 


Preliminary  Dependent  Variables  and  Covariate  Relationships 

The  association  of  the  eight  skin  disorder  variables  in  both  groups  and 
the  covariates  of  age  (born  in  or  *fter  1942,  born  betveen  1923  and  1941,  born 
in  or  before  1922),  race  (Black  or  nonblack),  occupation,  and  presence  of  pre- 
SEA  acne  (yes/no)  vas  assessed  using  Pearson's  Chi-square  test  and  Fisher's 
exact  test.  Table  14-5  is  a  summary  of  the  associations  of  the  dependent 
variables  vith  these  four  covariates.  Seven  additional  participants,  who  vere 
initially  classified  as  "undetermined,"  vere  reclassified  as  having  acne 
before  duty  in  SEA,  based  on  data  gathered  by  telephone.  Nineteen  partici¬ 
pants  vere  omitted  from  analyses  involving  presence  of  pre-SEA  acne,  because 
historical  information  on  the  date  of  onset  of  acne  was  not  available. 
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Ranch  Hand 


Comparison 


Other  Sites  n**181 


Figure  14*2. 

Location  of  Post-SEA  and  Pre- 
and  Post-SEA  Acne  by  Group 
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Ranch  Hand 


Figure  14-3. 

Location  of  Post-SEA  and 
Acne  by  Group 


TABLB  14- J. 

Association  Betveen  Dermatological  Variables  and 
Age,  Race,  Occupation,  and  Pre-SBA  Acne  in  the 
Combined  Ranch  Hand  and  Comparison  Groups 


Variable 

Age 

Race 

Occupation 

Pre-SEA  Acne 

Comedones 

<0.001 

<0.001 

<0.001 

NS 

Acneiform  Lesions 

<0.001 

NS* 

NS* 

<0.001 

Acneiform  Scars 

<0.001 

<0.001 

<0.001 

<0.001 

Depigmentation 

NS 

0.009 

NS 

NS 

Inclusion  Cysts 

NS 

NS 

0.036 

NS 

Hyperpigmentation 

NS 

<0.001 

<0.001 

0.003 

Other  Abnormalities 

<0.001 

<0.001 

<0.001 

NS* 

Dermatology  Index 

NS 

NS 

0.010 

<0.001 

NS:  Not  significant  (p>0.10) 

NS*:  Borderline  significant  (0.05<p<0.10)  effect  vith  variable. 


Age  had  a  significant  effect  on  four  of  the  variables.  Prevalence  rates 
for  comedones  and  other  abnormalities  vere  highest  for  older  participants 
(born  in  or  before  1922).  On  the  other  hand,  the  prevalence  of  acneiform 
lesions  and  acneiform  scars  was  higher  in  the  younger  participants  (born  in 
or  after  1942). 

Nonblacks  had  a  significantly  higher  prevalence  of  comedones  and  other 
abnormalities  and  a  marginally  significant  increase  (p-0.055)  in  acneiform 
lesions;  Blacks  had  a  significantly  higher  prevalence  rate  for  acneiform 
scars,  depigmentation,  and  hyperpigmentation. 

Occupation  had  a  significant  or  marginally  significant  effect  on  seven 
of  the  eight  variables,  vith  either  enlisted  flyers  or  enlisted  groundcrev 
generally  having  a  higher  percentage  of  abnormalities. 

Participants  vith  pre-SEA  acne  had  a  significantly  higher  prevalence 
rate  for  acneiform  lesions  and  acneiform  scars,  and  a  higher  percentage  vith 
at  least  one  abnormality  in  the  dermatology  index.  Prr'tcipants  vithout  acne 
pre-SEA  bv<d  a  significantly  higher  prevalence  rate  f<^r  hyperpigmentation,  and 
a  marginally  significantly  higher  prevalence  rate  (p~0.084)  for  other 
abnormalities. 


Analyses  of  Individual  Dependent  Variables 
Comedones 


As  reflected  in  Table  14-6,  there  vas  not  a  significant  difference 
(p»0,361)  betveen  the  proportion  of  participants  vith  comedones  in  the  Ranch 
Hand  and  Comparison  groups,  unadjusted  for  any  covarlates. 
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TABLE  14-6. 


Unadjusted  Analysis  £or  Comedones  by  Group 


Comedones 


Present _  Absent _ 

Summary 

Group  Number  Percent  Number  Percent  Total  Statistics 


Ranch  Hand  250  24.6  766  75.4  1,016  Est.  RR:  0.91 

Comparison  340  26.3  952  73.7  1,292  95*  C.I.s 

(0.76,1.10) 
p- Value:  0.361 


Tests  of  association  between  the  presence  of  comedones  in  both  groups 
and  the  four  covariates  indicated  that  there  was  not  a  significant  effect  due 
to  the  presence  of  pre-SEA  acne  (p-0.355),  but  that  there  vere  significant 
effects  due  to  occupation  (p<0.001),  age  (p<0.001),  and  race  (p<0.001).  The 
proportion  of  participants  with  comedones  increased  with  age  (18. 9X  for  par¬ 
ticipants  born  in  or  after  1942,  29. 8*  for  participants  born  between  1923  and 
1941,  and  37. 9%  for  participants  born  in  or  before  1922).  Significantly  more 
nonblacks  had  comedones  than  Blacks  (26. 5%  versus  11. 9X),  and  enlisted  flyers 
had  more  than  enlisted  groundcrew  or  officers  (34.4X,  24. 8* ,  and  22. 6X, 
respectively). 

An  adjusted  analysis  of  the  proportion  of  participants  with  comedones 
was  performed  using  logistic  regression  techniques.  Results  are  presented  in 
Table  14-7. 


TABLE  14-7. 

Adjusted  Analysis  for  Comedones  by  Group 


Adjusted 

Ranch  Hand  Comparison  Relative  Risk  Covariate 

Total  Total  (95*  C.I.)  p- Value  Remarks 


1,007  1,282  0.89  (0.74,1.09)  0.260  Occupation 

(p<0.001) 

Presence  of 
Pre-SEA  Acne 
(p-0.038) 
Race-by-Age 
(p-0.046) 
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Again,  no  significant  differences  were  found  between  groups  (p-0.260). 
Occupation,  pre-SEA  acne,  and  a  race-by-age  interaction  were  significant 
(p<0.001,  p-0.038,  and  p»0.046,  respectively). 

Compared  to  Baseline  findings,  the  percentage  of  participants  with 
comedones  increased  in  the  Comparison  group  but  decreased  in  the  Ranch  Hand 
group.  Estimated  and  adjusted  relative  risks  vere  both  less  than  1.0  in  the 
follovup  study,  vhilc  the  estimated  relative  risk  in  the  Baseline  study  was 
slightly  greater  than  1.0  (RR>1.05,  with  Original  Comparisons  used),  but 
statistically  nonsignificant. 


Acneiform  Lesions 


As  shovn  in  Table  14-8,  there  was  not  a  significant  difference  between 
the  proportion  of  participants  with  ac.neiform  lesions  in  the  Ranch  Hand  and 
Comparison  groups,  unadjusted  for  any  covariates  (p-0.624). 


TABLE  14-8. 

Unadjusted  Analysis  for  Acneiform  Lesions  by  Group 


Acneiform  Lesions 


Present _  Absent _ 

Summary 

Group  Number  Percent  Number  Percent  Total  Statistics 


Ranch  Hand  188  18.5  828  81.5  1,0V.  Est.  RR:  1.06 

Comparison  228  17.6  1,064  82.4  1,292  952  C. I.: 

(0.86,1.31) 
p-Value:  0.624 


Tests  of  association  between  the  presence  of  acneiform  lesions  in  both 
groups  and  the  four  covariates  revealed  marginally  significant  effects  due  to 
race  (p-0.055)  and  occupation  (p-0.064),  and  significant  effects  for  age 
(p<0.001)  and  presence  of  pre-SEA  acne  (p<0.001).  Nonblacks  had  a  marginally 
significantly  higher  proportion  of  participants  with  acneiform  lesions  than 
Blacks  (18.42  versus  11. 92).  The  proportion  of  participants  with  lesions  was 
greatest  for  enlisted  groundcrev  (20.12),  as  compared  to  the  other  occupa¬ 
tions  (officers,  16.42;  enlisted  flyers,  16.02).  The  proportion  of  partici¬ 
pants  with  acneiform  lesions  decreased  with  age  (born  in  or  after  1942, 

23.02;  born  between  1923  and  1941,  14.82;  born  in  or  before  1922,  10.32).  A 
significantly  higher  proportion  of  participants  with  acne  present  before  SEA 
had  lesions  (22.42),  as  compared  with  those  not  having  acne  before  SEA 
(16.02). 

An  adjusted  analysis  of  the  proportion  of  participants  with  acneiform 
lesions  was  performed  using  logistic  regression  techniques.  Results  of  this 
analysis  are  summarized  in  Table  14-9. 
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TABLE  14-9. 


Adjusted  Analysis  for  Acneiform  Lesions  by  Group 


Ranch  Hand 
Total 


Adjusted 

Comparison  Relative  Risk 

Total  (95Z  C.I.) 


Co variate 

p-Value  Remarks 


1,007  1,232  1.08  (0.87,1.34*  0.512  Age  (p<0.001) 

Race  (p«0.014) 
Presence  of 
Pre-SEA  Acne 

(p-0.008) 


The  results  shoved  no  significant  differences  between  groups  (p«0.312). 
Age  (p<0.001),  race  (p-0.0i4),  and  presence  of  pre-SEA  acne  (p-0.008)  vere 
significant  adjusting  variables  in  this  analysis.  The  Baseline  and  followup 
results  for  acneiform  lesions  vere  nearly  identical  with  respect  to  group 
differences. 


Acneifora  Scars 


Table  14-10  shovs  no  significant  difference  betveen  the  proportion  of 
participants  vith  acneiform  scars  in  the  Ranch  Hand  and  Comparison  groups, 
unadjusted  for  any  covariates  (p-0.720). 


TABLE  14-10. 

Unadjusted  Analysis  for  Acneifora  Scars  by  Group 
Acneiform  Scars 


Present  _ Absent 

Summary 


Group 

Number 

Percent 

Number 

Percent 

Total 

Statistics 

Ranch  Hand 

150 

14.8 

866 

85.2 

1,016 

Est.  RR:  1.05  f 

Comparison 

183 

14.2 

1,109 

85.9 

1,292 

95XC.I.: 

(0.83,1.33) 
p-Values  0.720 


Tests  of  association  betveen  the  presence  of  acneiform  scars  in  both 
groups  and  the  covariates  disclosed  significant  effects  due  to  the  four 
variables  (p<0.001).  As  age  increased,  the  proportion  of  participants  vith 
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acneiform  scars  decreased  (17.9X  for  participants  born  in  or  after  1942, 

12. At  for  participants  born  betveen  1923  and  1941,  and  5.7X  for  participants 
born  in  or  before  1922).  Significantly  more  Blacks  had  scars  than  nonblacks 
(28. OX  and  13. 5X,  respectively),  and  enlisted  personnel  had  more  than 
officers  (enlisted  groundcrev,  16. 9X;  enlisted  flyers,  16. 5X;  and  officers, 
10. 4X).  The  pre-SEA  acne  classification  had  a  significantly  higher 
proportion  of  participants  vith  acneiform  scars  than  the  non  pre-SEA  acne 
classification. 

An  adjusted  analysis  of  the  proportion  of  participants  vith  acneiform 
scars  vas  performed  using  logistic  regression  techniques.  Results  are  given 
in  Table  14-11. 


Ranch  Hand 
Total 


TABLE  14-11, 


Adjusted  Analysis  for  Acne i fora  Scars  by  Group 


Adjusted 

Comparison  Relative  Risk 

Total  (95X  C.I.) 


Covariate 

p-Value  Remarks 


1,007  1,282  1.07  (0.84,1.35)  0.584  Age  (p-0.006) 

Race  (p<0.001) 
Occupation 

(p-0.016) 

Presence  of 
Pre-SEA  Acne 

(p<0.001) 


No  significant  group  differences  vere  found  (p-0.584).  As  in  the 
covariate  analysis  vith  acneiform  scars,  significant  effects  in  the  adjusted 
analysis  vere  observed  due  to  all  four  covariates  (age,  p-0.006;  race, 
p<0.001;  occupation,  p«Q,016;  presence  of  pre-SEA  acne,  p<0.001).  The 
results  for  acneiform  scars,  as  vith  the  acneiform  lesions,  vere  quite 
similar  in  the  follovup  and  Baseline  studies. 


Depignentation 

Table  14-12  shovs  the  contrast  betveen  the  proportion  of  participants 
vith  depigmentation  in  the  Ranch  Hand  and  Comparison  groups,  unadjusted  for 
any  covariates.  The  proportion  of  participants  vith  depigmentation  vas 
greater  in  the  Comparison  than  in  the  Ranch  Hand  group;  hovever,  the 
difference  betveen  groups  vas  nonsignificant  (p-0.143). 


TABLE  14-12. 


Tests  of  association  between  the  presence  of  depigmentation  in  both 
groups  and  the  four  covariates  determined  a  significant  effect  due  to  race 
(p-0.009),  but  shoved  nonsignificant  effects  for  age,  occupation,  and 
presence  of  pre-SEA  acne. 

An  adjusted  analysis  of  the  proportion  of  participants  with  depigmen¬ 
tation  was  performed  using  logistic  regression  techniques.  The  statistics 
are  presented  in  Table  14-13. 


TABLE  14-13. 

Adjusted  Analysis  for  Depigmentation  by  Group 


Adjusted 

Ranch  Band  Comparison  Relative  Risk  Covariate 

Total  Total  (95X  C.I.)  p-Value  Remarks 


1,016  1,292  0.82  (0.63,1.07)  0.144  Race  (p-0.010) 


No  significant  difference  was  observed  betveen  groups  (p-0.144).  Race 
was  the  only  significant  covarlate  in  this  adjusted  analysis  (p-0.010). 
Depigmentation  was  not  analyzed  in  the  Baseline  study. 


Inclusion 


As  reflected  in  Table  14-14,  there  was  not  a  significant  difference 
betveen  the  proportion  of  participants  with  inclusion  cysts  in  the  Ranch  Hand 
and  Comparison  groups,  unadjusted  for  any  covariates  (p-0.303). 
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TABLE  14-14. 


Unadjusted  Analysis  for  Inclusion  Cysts  by  Group 


_ Inclusion  Cysts _ 

Present _ _ Absent _ 

Summary 

Group  Number  Percent  Number  Percent  Total  Statistics 


Ranch  Hand  114  11.2  902  88. 8  1,016  Est.  RR:  0.87 

Comparison  164  12.7  1,128  87.3  1,292  95XC.I.S 

(0.67,1.12) 
p-Vaiue:  0.303 


Tests  of  association  betveen  the  presence  of  inclusion  cysts  in  both 
groups  and  the  covariates  of  age,  race,  occupation,  and  presence  of  pre-SRA 
acne  shoved  no  significant  effects  due  to  age  (p-0.437),  race  (p«0.506),  or 
presence  of  pre-SEA  acne  (p-0.449).  Occupation,  hovever,  exhibited  a  signif¬ 
icant  effect  (p-0.036),  vith  the  enlisted  flyer  category 'having  the  highest 
proportion  of  participants  vith  inclusion  cysts  (15. 8X  versus  11. 9X  and  1C-8X 
for  officers  and  enlisted  groundcrev,  respectively. 

An  adjusted  analysis  of  the  proportion  of  participants  vith  inclusion 
cysts  vas  performed  using  logistic  regression  techniques.  Results  are 
presented  in  Table  14-15. 


TABLE  14-15. 

Adjusted  Analysis  for  Inclusion  Cysts  by  Group 


Ranch  Hand 

Comparison 

Adjusted 
Relative  Risk 

Covariate 

Total 

Total 

(95X  Cl.) 

p-Value 

Remarks 

1,016  1,292  0.86  (0.67,1.12)  0.260  Occupation 

(p-0.041) 


No  significant  differences  for  inclusion  cysts  veie  found  between  the 
Ranch  Hand  and  the  Comparison  groups  (p«0.260).  Occupation  vas  the  only 
significant  covariate  in  this  analysis  (p-0.041). 

Vi ui  reference  to  the  Baseline  study,  he  percentage  of  participants 
vith  inclusion  cysts  at  the  follovup  increased  in  the  Ccmparison  group,  and 
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decreased  slightly  in  the  Ranch  Hand  group.  These  differences  could  be  due 
to  changes  in  disease  over  time,  different  examiners,  or  changes  in  the 
cohorts  examined.  Both  estimated  and  adjusted  relative  risks  vere  less  than 
one  in  the  follovup,  while  the  estimated  relative  risk  at  the  Baseline  vas 
slightly  greater  than  one  (RR-1.10  for  Original  Comparisons)  but  vas  not 
statistically  significant. 


Table  14-16  shows  there  vas  not  a  significant  difference  betveen  the 
proportion  of  participants  with  hyperpigmentation  in  the  Ranch  Hand  and 
Comparison  groups,  unadjusted  for  any  covariates  (p-0.762). 


Tests  of  association  betveen  the  presence  of  hyperpigmentation  in  both 
groups  and  the  four  covariates  revealed  there  vas  not  a  significant  effect 
due  to  age  (p-0.833),  but  that  significant  effects  vere  due  to  race 
(p<0.001),  occupation  (p<0.001),  and  presence  of  pre-SEA  acne  (p»0.003). 
Blacks  had  a  much  higher  prevalence  of  hyperpigmentation  than  nonblacks 
(53.12  for  Blacks,  20.12  for  nonblacks),  and  enlisted  personnel  had  a  higher 
prevalence  of  hyperpigmentation  than  officers  (enlisted  groundcrev,  25.52; 
enlisted  flyers,  23.52;  officers,  17.42).  The  proportion  of  participants 
with  hyperpigmentation  vas  greater  in  the  absence  of  pre-SEA  acne  (23.82) 
than  in  the  presence  of  pre-SEA  acne  (18.22). 

An  adjusted  analysis  of  the  proportion  of  participants  with  hyper¬ 
pigmentation  vas  performed  using  logistic  regression  techniques.  Results  are 
given  in  Table  14-17. 


TABLE  14-17. 


Adjusted  Analysis  for  Hyperpigaentation  by  Group 


Ranch  Hand 
Total 


Coaparison 

Total 


Adjusted 
Relative  Risk 
<952  C.I.) 


Covariate 

p*-Valve  Remarks 


1,007  1,282  1.04  <0.85,1.27)  0.720  Race  <p<0.001) 

Occupation 
(p-0.009) 
Presence  of 
Pre-SEA  Acne 
(p-0.009) 


No  significant  group  differences  (p-0.720)  vere  noted,  although  signi¬ 
ficant  effects  of  race  (p<0.001),  occupation  (p-0.009),  and  presence  of 
pre-SBA  acne  (p-0.009)  vere  evident. 

The  proportion  of  participants  vith  hyperpigmentation  has  increased 
since  the  Baseline  study.  Almost  three  tiaes  as  many  abnoraalities  vere 
found  at  the  follovup  study  (approxinately  222  versus  82).  The  relative  risk 
estiaate  vas  closer  to  1  in  the  follovup  study,  but  relative  risks  froa  both 
the  Baseline  and  follovup  studies  vere  not  significantly  different  froa  1. 
These  differences  could  be  due  to  disease  or  exmaimtion  techniques. 


Other  Abnormalities 

The  study  of  other  abnoraalities  encoapassed  a  vide  range  of  deraato 
logical  disorders.  Included  in  this  variable  vere  the  folloving 
abnormalities* 


(1) 

Jaundice 

(9) 

Conjunctival  Abnormality 

(2) 

Spider  Angiomata 

(10) 

Oral  Mucosal  Abnormality 

(3) 

Palaar  Erythema 

(11) 

Fingernail  Abnormality 

(*) 

Suspected  Melanoma 

(12) 

Toenail  Abnormality 

(5) 

Palaar  Keratoses 

(13) 

Derutographla 

(6) 

Actinic  Keratoses 

(14) 

Cutis  Rhoaboidalis 

(7) 

Petechiae 

(15) 

Suspected  Basal  Cell  Carcinoaa 

(8) 

Ecchyaoses 

(16) 

Suspected  Squaaous  Cell  Carcinoaa 

Vith  respect  to  the  category  "Other  Abnoraalities, "  a  part4cipant  vas 
considered  noraal  only  if  he  vas  negative  for  all  of  these  conditions.  If 
one  or  aore  abnoraalities  existed,  then  the  participant  vac  considered 
abnormal . 


As  reflected  in  Table  14-18,  there  vas  not  a  significant  difference 
between  the  proportion  of  participants  with  other  abnormalities  in  the  Ranch 
Hand  and  Conparison  groups,  unadjusted  for  any  covariates  (p-0.349). 


TABLE  14-18. 

Unadjusted  Analysis  for  Other  Abnormalities  by  Group 

_ Other  Abnormalities _ 

Abnormal _ Normal 

Summary 

Group  Number  Percent  Number  Percent  Total  Statistics 


Ranch  Hand  608  59.8  408  40.2  1,016  Est.  RR:  1.08 

Comparison  748  57.9  544  42.1  1,292  95*  C. I.: 

(0.92,1.28; 
p- Value:  0.349 


Tests  of  association  between  the  presence  of  other  abnormalities  in  both 
groups  and  the  four  covariates  found  a  marginally  significant  effect  due  to 
the  presence  of  pre-SEA  acne  (p-0.084),  and  significant  effects  due  to  age 
(p<0.001),  occupation  (p<0.001),  and  race  (p<0.COl).  The  proportion  of 
participants  with  other  abnormalities  in  the  lbsence  of  pre-SEA  acne  (59.9*) 
was  marginally  significantly  larger  than  the  proportion  of  participants  with 
other  abnormalities  who  also  had  pre-SEA  acne  (56. IX).  The  proportion  of 
participants  with  other  abnormalities  increased  with  age  (with  a  low  of  43.3* 
for  participants  born  in  or  after  1942  to  a  high  of  82.8*  for  participants 
born  in  or  before  1922).  Nonblacks  had  a  significantly  and  substantially 
higher  percentage  of  other  abnormalities  than  Blacks  (60.3*  and  35.7*, 
respectively).  Enlisted  groundcrev  had  a  lower  proportion  of  abnormalities 
than  officers  or  enlisted  flyers  (53.3*,  63. 2X,  and  63.8*,  respectively). 

An  adjusted  analysis  of  the  proportion  of  participants  with  other  abnor¬ 
malities  vas  performed  using  logistic  regression  techniques.  Results  are 
presented  in  Table  14-19. 

Again,  no  significant  difference  vas  observed  between  groups  (p-0.432). 
Age  and  race  vere  significant  covariates  in  this  analysis  (p<0.001  for  both). 

In  reference  to  the  Baseline  study,  the  percentage  of  participants  with 
other  abnormalities  has  increased  in  both  the  Conparison  and  the  Rcrnch  Hand 
groups.  In  the  Baseline  study,  the  estimated  relative  risk  for  Ranch  Hands 
versus  Original  Comparisons  vas  0.77,  significantly  less  than  1.00.  The 
estimate  of  the  relative  risk  has  increased  in  the  followup  study  to  1.08. 

The  percentage  of  other  abnormalities  has  increased  from  approximately 
14  nercent  in  the  B-seline  study  to  nearly  59  percent  in  the  follovup  study. 
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TABLE  14-19 


Adjusted  Analysis  for  Other  Abnormalities  by  Group 


Ranch  Hand 
Total 


Comparison 

Total 


Adjusted 
Relative  Risk 
(95X  C.I.) 


Covariate 

p-Value  Remarks 


1,016  1,292  1.07  (0.90,1.28)  0.432  Age  (p<0.001) 

Race  (p<0.001) 


Oeraatolc 


Four  of  the  previously  analyzed  conditions  (comedones,  acneiform  lesions, 
acneifora  scars,  and  inclusion  cysts)  vere  used  to  construct  a  dermatology 
index.  All  four  conditions  are  indicators  of  possible  chloracne.  The  index 
vas  formulated  by  counting  the  number  of  abnormalities  present  in  a  partici¬ 
pant  for  the  four  conditions.  Consequently,  the  dermatology  index  ranged 
from  0  to  4,  where  0  indicated  that  the  participant  had  none  of  these  abnor¬ 
malities  and  4  indicated  that  the  participant  had  all  of  these  abnormalities. 

Table  14-20  presents  the  number  and  the  percent  of  participants  with 
each  of  these  five  scores  by  group.  A  significant  difference  betveen  the 
Ranch  Hand  and  Comparison  groups  vas  not  observed  for  this  dermatology  index, 
unadjusted  for  any  covarintes  (p«0.376,  4  d.f.). 


Covariate  main  effect  analyses  found  nonsignificant  effects  due  to  age 
(p»0.4Q7)  and  race  (p-0.558),  bit  significant  effects  for  occupation 
(p-0.010)  and  the  presence  jf  acne  pre-SRA  (p<0.001).  These  data  are 
summarized  in  Table  14-21.  By  occupation,  55.8  percent  of  the  officers  had 
no  abnormalities,  vhereas  50.8  percent  or  the  enlisted  groundcrev  and 
44.4  percent  of  the  enlisted  flyers  had  no  abnormalities.  The  stratum  cor¬ 
responding  to  participants  vith  pre-SEA  acne  present  had  a  larger  percentage 
of  participants  vith  at  least  one  abnoraality  (see  Table  14-21). 


An  adjusted  analysis  of  the  five  scores  of  the  dermatology  index  vas 
performed  using  log-linear  modeling  techniques.  Significant  effects  vere 
noted  for  occupation  and  an  interaction  betveen  group  and  presence  of  pre-SEA 
acne  (p-0.005,  p-0.041,  respectively).  Consequently,  an  analysis,  stra¬ 
tifying  by  pre-SEA  acne  status,  vas  performed,  and  the  results  are  shovn  in 
Table  14-22. 


The  adjusted  relative  risk  for  each  of  the  index  scores  (1  to  4,  sepa¬ 
rately,  versus  the  0  score),  the  95  percent  confidence  interval,  and  the 
p-value  for  each  contrast  for  each  pre-SEA  acne  class  are  given  in 
Table  14-23. 
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Unadjusted  Analysis  for  the  Dermatology  Index  by  Group 
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Idjwtad  Analysis  for  the  Dermatology  Index  by 


1.4-24 


TABLE  14-23 


Adjusted  Relative 
Risks  for  Contrasts  of  Denetology 
Index  by  Pre-SBA  Class 


Adjusted 
Rais  ti  vo 

Fra- SKA  Acna  Contrast  Risk  932  C.I.  p-Vslua 


Nc 

1 

abnormality  vs. 

0  abnormalities 

1.12 

(0.90,1.39) 

0.315 

2 

vs.  0 

:l.  10 

(0.77,1.53) 

0.605 

3 

vs.  0 

0.77 

(0.41,1.44) 

(0.65,14.62) 

0.411 

4 

vs.  0 

:».09 

0.135 

Yes 

« 

i 

vsl  0 

0.60 

(0.42,0.851 

0.004 

2 

vs.  0 

0.73 

(0.48,1.12) 

0.148 

3 

vs.  0 

0.75 

(0.39,1.43) 

0.380 

4 

vs.  0 

1.19 

(0.33,4.38) 

0.788 

This  analysis  shoved  a  significant  difference  fcatvoen  groups  only  when 
contrasting  the  proportion  of  participants  vith  one  abnornality  (out  of  four) 
to  the  proportion  of  participants  vith  no  abnormalities  for  participants  vith 
pre-SBA  acne  (p-0.004).  Hovever,  (Caparisons  vers  nore  likely  to  have  one 
abnoroality  than  the  Ranch  Bands,  as  is  evidenced  by  the  relative  risk  end 
confidence  interval  being  less  then  1. 

In  contrast  to  the  Baseline  study,  the  percentage  of  participants  vith  s 
score  of  1  or  sore  has  Increased  et  the  xollovup  exaninatlon  for  both  the 
Ranch  Bend  end  Coaperlson  groups  (8. IX  for  Ranch  Bends,  12. IX  for  Compari¬ 
sons).  The  estlnated  relative  risks,  vhen  the  dernatology  index  is  condensed 
into  tvo  categories,  vere  1.11  for  the  Baseline  exaaination  and  0.94  for  the 
follovup  exealnetion. 


Biopsy  Raoul t a 

Dermatologists  vere  instructed  to  porfore  skin  biopsies  on  any  lesions 
they  suspected  of  being  nalignnnt.  Of  the  40  biopsies  collected  froa 
33  participants,  none  vs s  suggestive  of  cklorecne.  Histologic  descriptions 
of  these  biopsies  ere  presented  in  Table  14-24.  Vith  the  exception  of 
confined  basal  cell  ^ercinooe,  no  single  diagnostic  category  predominated. 
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TAU  14-24 


Sunnary  of  Bistologdc  Descriptions 
of  Skin  Biopsy  by  Group 


Group 


Histologic  Description 

Ranch 

Band 

Conparlson 

Consents 

Basal  Coll  Carcinona 

7 

4 

e,b 

Suspoctod  Basal  Coll  Carcinona 

0 

3 

b 

Suspected  Unspecified  Carcinona 

0 

1 

Unspecified  Carcinona 

1 

0 

c 

Dornatofibrona 

3 

0 

Pigmented  Nevus 

1 

2 

Dyschroaia 

1 

0 

d 

Keratodetna,  Acquired 

1 

1 

a 

Ho lanoacan those  (Papillose) 

0 

1 

Intrademal  Nevus 

1 

0 

Junctional  Nevus 

0 

1 

Cavernous  Benangiona 

0 

1 

Deconorative  Skin  Disorder 

0 

1 

Other  Specified  Disorders  of  Skin 

0 

1 

Local  Infection  of  Skin 

l 

0 

c 

Other  Dornatoses 

_5 

_2 

c 

Total 

21 

18 

*0ne  participant  hod  o  boool  coll  carcinona  ot  ono  alto  and  on  ocquirod 
karat  odema  ot  onothor  alto. 

*0ne  participant  hod  a  boaol  coll  corcinono  at  ono  alto  and  a  auapoctod  basal 
coll  carcinoma  at  onothor  alto. 

*Gr«e  participant  had  a  local  lnfaction  of  tha  akin,  a  auapoctod  unapoclfiod 
carcinona,  and  a  darnatoais  at  tho  sane  aito. 

d0no  participant  had  tvo  caaoa  of  dyschroaia  at  tvo  different  sites* 
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nrOSDRI  DOCK  ANALYSIS 

Exposure  index  analyaaa  vara  conducted  vithin  each  occupational  cohort 
of  the  Ranch  Band  group  to  search  for  dose-response  relationships  (see 
Chapter  8  for  details  on  the  exposure  index).  The  deraatology  index  vas 
collapsed  into  tvo  categories,  0  and  greater  than  0.  Al)  eight  deraa- 
tological  variables  vere  explored,  unadjusted  for  any  covarlates,  using 
Pearson's  chi-square  test  and  Fisher's  exact  test.  Adjusted  analyses  vere 
performed  by  logistic  regression  for  these  variables,  using  sge,  race, 
presence  of  pre-SIA  acne,  and  any  significant  pairvisa  interactions  betveen 
the  exposure  index  and  these  covariates.  Overall  significance  in  the 
proportion  of  abnoraalities  aaong  the  exposure  index  levels  of  lov,  nediua, 
and  high  vas  determined,  as  veil  as  contrasts  in  the  proportion  of  abnormal¬ 
ities  betveen  the  medium  and  lov  exposure  levels,  and  betveen  the  high  and 
lov  exposure  levels.  Age  vas  used  as  a  continuous  variable  in  the  adjusted 
analyses . 

Results  of  the  adjusted  analyses  for  these  eight  variables  are  presented 
in  Table  14-25,  and  counterpart  results  for  unadjusted  analyses  are  presented 
in  Table  L-l  of  Appendix  L.  Results  from  further  investigation  of  exposure 
index  by  covariate  interactions  are  given  in  Table  L~2  of  Appendix  L. 

Significant  or  marginally  significant  results  vere  present  for  some  of 
these  variables  based  on  unadjusted  analyses.  A  borderline  significantly 
higher  prevalence  of  comedones  (Bst.  RR:  1.78,  95X  C.I.t  [0.95,3.35], 
p-0.084)  for  the  contrast  of  medium  exposure  to  lov  exposure  vas  seen  for 
officers.  Marginally  significant  results  for  the  contrast  of  high  exposure 
to  lov  exposure  vere  also  present  for  acneiform  scars  for  officers  (Bst.  RR: 
2.38,  93X  C.I.t  [0.94,6.06],  p-0.075)  and  enlisted  groundcrev  (Bst.  RR:  1.82, 
95X  C.I.:  [1.00,3.30],  p»0.033),  as  veil  as  for  other  abnormalities  for 
officers  (Bst.  RR:  1.66,  95X  C.I.:  [0.98,2.78],  p-0.067).  The  data  for  these 
last  three  variable-occupation  combinations  supported  an  increase  in  the 
proportion  of  abnoraalities  from  lov  to  high  exposure.  Significant  or 
marginally  significant  results  vere  also  observed  for  nediua  exposure  versus 
lov  exposure  in  officers  and  enlisted  groundcrev  for  depigaentation,  and  for 
high  exposure  versus  lov  exposure  in  other  abnoraalities  vlth  enlisted 
flyars,  but  prevalence  decreased  as  the  exposure  level  increased  in  these 
cases. 

The  frequency  of  abnoraalities  for  the  different  exposure  index  levels 
exhibited  no  consistent  pattern  across  occupations.  Hovever,  vithin  the 
officer  and  enlisted  groundcrev  occupations,  most  variables  shoved  the  lov 
exposure  level  to  have  the  lovest  prevalence  of  abnormalities  or  the  high 
exposure  level  to  have  the  highest  prevalence,  vhereas  very  few  variables 
shoved  this  pattern  for  enlisted  flyers. 

Adjusted  analyses  revealed  patterns  similar  to  those  of  the  unadjusted 
analyses.  Results  of  the  counterpart  adjusted  analyses  to  the  situations 
described  above  are  detailed  belov. 

(1)  Comedones  in  officers,  nediua  versus  lov:  Adj.  RR:  1.62,  95X  C.I.: 

(0.83,3.15),  p-0.154. 
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Adjusted  Exposure  Index  Analysis  for  Oeruatolofical  Variables  by  Occupation 
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'Marginal  exposure  index-by-presence  of  pre-SEA  acne  interaction  (p-0.056) — relative  risk,  confidence  interval 
and  p-value  presented,  and  additional  information  provided  in  interaction  sunnaries. 

****(1):  Exposure  index-by-pre3enee  of  pre-SEA  acne  and  exposure  index-by-race  interaction— relative  risk, 
confidence  interval,  and  p-value  not  presented. 

****(2):  Exposure  index-by-presence  of  pre-SEA  acne  interaction — relative  risk,  confidence  interval  and 


(2)  Acneiform  scars  in  officers,  high  versus  lov:  interaction  present; 
direct  contrast  of  adjusted  and  unadjusted  analyses  not  possible. 

(3)  Acneiform  scars  in  enlisted  groundcrev,  high  versus  lov:  Adj.  RR: 
2.00,  95X  C.I.s  (1.08,3.67),  p-0.026;  overall  p-value«0.068, 
increase  in  the  proportion  of  abnormalities  vith  increasing  exposure 
levels  supported. 

(4)  Other  abnormalities  in  officers,  high  versus  lov:  Adj.  RR:  1.53,  95X 
C.I.:  (0.88,2.65),  p-0.129. 


Other  adjusted  analyses  that  shoved  significance  or  marginal  signifi¬ 
cance  exhibited  a  decreasing  prevalence  vith  increasing  exposure  level.  All 
other  adjusted  analyses  shoved  an  interaction  vith  covariates  (described 
belov)  or  nonsignificant  results. 

Interactions  vere  present  for  three  of  the  eight  variables  and  vere 
observed  for  officers  and  enlisted  groundcrev.  A  summary  of  these  inter¬ 
actions  is  presented  belov  in  Table  14-26. 


TABLE  14-26. 

Summary  of  Exposure  Index  by  Covariate  Interactions  Encountered 
in  Adjusted  Analysis  of  Dermatological  Variables 


Variable 

Occupation 

Covariate 

p-Value 

Acneiform  Scars 

Officer 

Race 

0.003 

Acneiform  Scars 

Officer 

Presence  of 
Pre-SEA  acne 

0.003 

Acneiform  Scars 

Enlisted  Groundcrev 

Presence  of 
Pre-SEA  acne 

(marginal) 

0.056 

Depigmentation 

Enlisted  Groundcrev 

Presence  of 
Pre-SEA  acne 

0.035 

Dermatology  Index* 

Officer 

Race 

0.026 

Dermatology  Index* 

Officer 

Presence  of 
Pre-SEA  acne 

0.029 

♦Variable  vas  collapsed  into  tvo  categories,  0  and  >0. 


As  can  be  seen,  all  variable®  and  occupation®  vitk  interactions  had  a 
significant  axposura  index-by-presence  of  pra-SEA  acna  interaction  or 
significant  exposure  index-by-race  and  exposure  index-by-presence  of  pre-SilA 
acne  interactions.  Meaningful  interpretation  of  aany  of  the  subsequent 
stratified  analyses  was  hindered  by  saall  sample  sixes,  but  tvo  situations 
vere  of  particular  Interest.  For  acneiform  scars  on  officers,  nonblack 
personnel  without  pre-SSA  acne  at  lev  exposure  had  no  participants  with 
scars,  whereas  nonblack  personnel  exposed  at  the  medium  and  high  levels  had 
7.8  percent  and  10. 5  percent  of  participants  vith  scars,  respectively.  Also, 
vith  acneiform  scars  for  enlisted  groundcrav,  an  increase  in  the  prevalence 
of  abnormalities  for  increasing  levels  of  exposure  vas  present  for  partici¬ 
pants  with  pre-SEA  acne,  vith  an  adjusted  relative  risk  of  5.38  (95X  C.I.s 
[1.45,19.96],  p-0.012)  for  the  contrast  of  high  exposure  versus  low  exposure. 

In  summary,  the  results  suggested  the  presence  of  an  increasing  dose- 
respense  relationship  in  certain  occupations  for  a  fev  of  the  dermatological 
variables  or  vithin  substrata  of  these  variables,  but  no  consistent  pattern 
vas  evident  throughout  the  dermatological  exposure  index  evaluation. 


LfHGTODIMAL  ANALYSES 

The  dermatology  index  vas  chosen  to  assess  longitudinal  differences 
between  the  1982  Baseline  examination  and  the  1985  follovup  examination.  In 
testing  for  this  difference,  the  dermatology  index  scores  vere  collapsed  into 
tvo  categories:  normal  (dermatology  index  score  of  G)  and  abnormal  (derma¬ 
tology  index  score  greater  than  0).  As  shovn  in  Table  14-27,  2x2  tables  vere 
constructed  for  each  group.  These  tables  shov  the  number  of  participants  vhc 
vere  abnormal  at  the  Baseline  examination  and  abnormal  at  the  follovup, 
abnormal  at  Baseline  and  normal  at  follovup,  normal  at  Baseline  and  abnormal 
at  follovup,  and  normal  at  both  Baseline  and  follovup.  The  odds  ratios  given 
are  the  ratios  of  the  number  of  participants  vho  vere  normal  at  the  Baseline 
and  abnormal  at  th®  follovup  to  the  number  of  participants  vho  vero  abnormal 
at  the  Baseline  and  normal  at  the  follovup  (the  "off-diagonal”  elements). 


TABLE  14-27. 

Longitudinal  Analysis  of  the  Dermatology  Index: 

A  Contrast  of  Baseline  and  First  Follovup  Examination  Abnormalities 


1982 


1985 


Baseline 

Odds 

p-Value 

Group 

Rxan 

Abnormal 

Noraal 

Ratio  (OR)* 

(OR*,,  vs  0RC) 

Ranch  Hand 

Abnormal 

241 

136 

1.68 

Noraal 

228 

366 

0.15 

Comparison 

Abnormal 

283 

136 

2.08 

Normal 

283 

437 

*0dds  Ratio: 

Number  Noraal  Baseline, 

Abnormal 

Follovup 
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The  changes  in  noraal/abnoraal  status  vithin  each  group  vere  compared,  and 
the  p-value  given  vas  derived  froa  Pearson's  chi-square  test  of  the  hypothe¬ 
sis  that  the  pattern  of  change  in  the  tvo  groups  vas  the  same.  These  results 
shoved  that  the  difference  in  the  pattern  is  not  significant  (p«0.l5). 


DISCUSSION 

The  relative  risks  for  all  eight  dermatological  variables  approached 
unity  (none  vas  statistically  significant),  an  observation  previously  noted 
at  the  Baseline  examination  (except  for  the  category  "Other  Abnormalities," 
vhich  predominated  in  the  Comparisons).  More  dermatological  abnormalities 
vere  recorded  at  the  follovup  (for  six  of  the  seven  variables  shared  betveen 
the  examinations)  than  at  the  Baseline — the  Increase  in  detection  vas 
slightly  stronger  in  the  Comparison  group  than  in  the  Ranch  Hand  group.  For 
example,  in  the  category  "Other  Abnormalities,"  the  reporting  of  skin  lesions 
generally  increased  from  about  14  percent  to  59  percent.  The  overall 
difference  betveen  the  tvo  examinations  probably  reflects  a  combination  of 
factors,  e.g.,  changes  in  disease,  chance,  the  addition  of  nev  participants, 
and  possible  differences  in  clinical  practice  betveen  the  tvo  groups  of 
dermatologists. 

The  histologic  categories  of  skin  cancer  (confirmed  or  suspected,  any 
type),  as  examined  by  biopsies,  shoved  a  similarity  betveen  both  groups. 


SUMMARY  AND  CONCLUSIONS 

Interval  questionnaire  data  on  the  occurrence,  time,  and  location  of 
acne  vere  analyzed  to  assess  the  possible  historical  diagnosis  of  chloracne. 
No  significant  difference  vas  observed  betveen  groups  for  reported  occurrence 
of  acne,  although  the  Ranch  Hand  cohort  reported  slightly  more  acne.  The 
occurrence  of  acne  relative  to  1961  vas  comparable  betveen  groups.  A  margin¬ 
ally  significant  difference  in  the  occurrence  of  post-1961  acne  vas  found, 
vith  more  Ranch  Hands  than  Comparisons  reporting  acne  strictly  post-SBA.  The 
duration  of  post-1961  acne  vas  not  significantly  different  betveen  the  tvo 
groups . 

For  participants  vith  post-SRA  acne,  the  spatial  eyeglass  distribution 
of  acne  (suggesting  chloracne)  vas  observed  to  be  similar  for  the  Ranch  Hand 
and  Comparison  groups,  both  for  individual  sites  and  the  combination  of  acne 
on  the  eyelids,  ears,  and  temples.  This  analysis  suggested  that  the  occur¬ 
rence  of  skin  disease  compatible  vith  chloracne  vas  not  different  in  the  tvo 
groups . 

Analyses  of  the  follovup  physical  examination  data,  as  vith  the  Baseline 
examination,  placed  primary  emphasis  on  six  dermatologic  disorders:  come¬ 
dones,  acnelform  lesions,  acneiform  scars,  inclusion  cysts,  depigmentation, 
and  hyperpigmentation.  Secondary  emphasis  vas  given  to  16  other  minor  con¬ 
ditions  (generally  not  associated  vith  chloracne)  recorded  at  the  physical 
examination.  No  significant  findings  occurred  in  any  variable,  as  reflected 
in  Table  14-28. 


TABLE  14-28. 


Overall  Smeary  Results  of  Unadjusted  and  Adjusted  Analyses 
of  Questionnaire  and  Physical  Examination  Dermatological  Variables 


Variable 

Unadjusted 

Adjusted 

Questionnaire 

Incidence  of  Acne 

Occurrence 

NS 

— 

Relative  to  1961 

NS 

— 

Relative  to  SEA 
(Post-1961  Cases) 

NS* 

— 

Duration  of  Acne 

NS 

NS 

Location  of  ucne 

NS 

— 

Physical  Examination 

Comedones 

NS 

NS 

Acne i fore  Lesions 

NS 

NS  ■ 

Acne 1 form  Scars 

NS 

NS 

Depigmentation 

NS 

NS 

Inclusion  Cysts 

NS 

NS 

Hyperpigmentation 

NS 

NS 

Other  Abnoraalitles 

NS 

NS 

Dermatology  Index 

NS 

**★* 

NS:  Not  significant  (p>0.10). 

—  Analyses  not  performed. 

NS*:  Borderline  significant  (0.05<p3).10). 
*e**Group-by-covt-iate  interaction. 


No  significant  difference  vas  found  for  any  of  these  variables  in  the 
unadjusted  analyses.  The  variable  consisting  of  the  16  secondary  conditions, 
labeled  "other  abnormalities,"  had  the  largest  difference  in  the  prevalence 
of  abnormalities  for  the  Ranch  Hand  cohort  over  the  Comparison  group  (Esv. 

RRs  1.06,  95Z  C.I.t  [0.92,1.28],  p-0.349),  but  the  difference  vas  clearly 
nonsignificant.  The  covariate  effects  of  age,  race,  occupation,  and  the 
presence  of  pre-SEA  acne  vere  often  profound  vith  respect  to  the  recorded 
dermatologic  conditions. 

The  adjusted  analyses  closely  airrored  the  unadjusted  analyses,  vith  no 
significance  noted  betvecn  groups  for  any  variable.  Only  one  group-by¬ 
covariate  interaction  vas  observed  in  the  adjusted  analysis  of  the  dermr- 
tology  index,  vith  a  group-by-presence  of  pre-SEA  acne  interaction  noted. 
Hovever,  further  analysis  of  this  interaction  did  not  shov  an  adverse  effect 
in  the  Ranch  Hand  group. 

Exposure  index  analyses  did  support  dose-response  relationships  for  some 
of  the  variables  in  certain  occupational  strata,  but  did  not  reveal  a  strong 
pattern  of  results  suggesting  a  relationship  betvecn  skin  disease  and  herbi¬ 
cide  exposure. 

Overall,  the  follovup  examination  results  paralleled  the  Baseline 
findings.  Although  the  follovup  examination  detected  more  dermatologic 
abnormalities  than  those  present  at  Baseline,  slightly  more  abnormalities 
vrre  found  in  the  Comparisons,  and  most  relative  risks  approached  unity.  The 
longitudinal  analysis  for  the  dermatology  index  shoved  no  statistically 
significant  differences  betvecn  groups  in  the  change  in  results  from  the 
Baseline  to  the  follovup  examination. 

In  conclusion,  none  of  the  questionnaire  results  disclosed  an  increased 
likelihood  of  past  chloracne  in  the  Ranch  Handn.  The  physical  examination 
did  not  diagnose  a  current  case  of  chloracne.  The  dermatological  data  vere 
siailar  between  the  Ranch  Hand  and  Comparison  groups,  and  the  longitudinal 
analysis  of  the  dermatology  index  suggested  equivalence  betvecn  the  Baseline 
and  follovup  examination  results. 
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CABDI0VA3CULA1  IVALUATIOH 


nmtooDcnoH 

Cardiac  disaasa  and  peripheral  vaacular  disease  are  not  clasaically 
recognised  sequelae  of  exposure  to  phanoxy  herbicides,  chlorophenols,  or 
dioxin. 

Host  observational  and  experiaental  aniaal  studies  using  2,4-D,  2,4,5-T, 
or  TCDO  have  not  extensively  consented  on  resulting  cardiac  abnormalities  or 
dysfunction.  The  studies  described  below  viewed  the  cardiac  abnormalities  as 
expected  consequences  of  a  moribund  state,  and  not  as  an  indicator  of  primary 
cardiac  toxicity  to  the  putative  chemical.  Following  oral  administration  of 
2,4-0  and  2,4,5-T,  sheep  and  cattle  developed  cardiac  hemorrhages.  A  lethal 
oral  dose  of  TCDO  in  young  Khesus  monkeys  produced  increased  heatt  weights  in 
another  experiment.  Horses  and  cats  showed  generalised  vascular  degenera¬ 
tion  following  exposure  to  soil  contaminated  with  TCDO,  and  mice  and  guinea 
pigs  fed  high  amounts  of  TCDO  manifested  low  heart  weights.  A  teratogenic 
experiment  using  2,4,5-T  in  developing  fish  eggs  shoved  graduated  lethality 
and  cardiovascular  anomalies,  which  included  enlarged  veins  and  heart 
chambers.  Another  study  using  ventricular  muscle  strips  from  chick  embryos 
exposed  to  PCB's  (including  TCDO)  shoved  a  narked  decrease  in  contractility. 
This  primary  cardiotoxic  response  was  presumably  mediated  by  the  Ah  receptor, 
and  was  associated  with  increased  prostsglandin  synthesis. 

Human  case  reports,  case  series  of  individuals  with  chloracne,  and 
epidemiological  studies  also  confirmed  that  cardiac  function  is  not  a 
sensitive  Indicator  of  exposure  to  herbicides  or  TCDO.  In  three  case  reports 
of  acute  2,4-D  poisoning,  cardiac  dilation  and  cardiac  arrest  were  observed 
in  the  one  fatal  case,  while  only  transient  nodal  tachycardia  vaa  observed 
in  one  of  the  two  nonfatal  cases.1'  Three  laboratory  technicians  vlth 
chloracne,  neurological  symptoms,  and  hypercholesterolemia  following  sig¬ 
nificant  direct  exposure  to  TCDO  did  not  manifest  any  cardiac  dysfunction,10 
however,  of  10  industrial  workers  with  chloracne,  4  complained  of  heart 
palpitations  and  shortness  of  breath.1  In  another  two  studies  totaling 
128  in£ys£jrlal  workers,  no  excesses  of  cardiac  complaints  or  findings  were 
noted . 

Furthermore,  in  two  contemporary  epidemiological  studies  using  similar 
cohorts  from  the  Nitro,  Vest  Virginia,  plant,  no  significant  cardiac  impair¬ 
ments  were  detected  in  exposed  vorkers.  '  However,  one  study  found  sig¬ 
nificantly  lover  levels  of  high  density  lipoprotein  (RDL)  cholesterol  in 
individuals  vlth  chloracne  as  contrasted  to  individuals  vithout  chloracne. 

Tvo  recent  clinical-epidemiological  pilot  studies  of  residential  areas  in 
Missouri  contaminated  by  TCDO  did  not  disclose  any  significant  cardiac 
disease  in  exposed  residents,1  '  although  the  Tines  Beach  study  noted  a 
borderline  association  of  diminished  peripheral  pulses  in  the  exposed  group 
(as  did  the  AFHS  Baseline  study). 
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Because  the  herbicide  literature  has  not  identified  consistent  cardio¬ 
vascular  findings  that  aarltad  a  specific  clinical  focus,  this  study  has 
collected  generalised  data  on  past  cardiac  events  by  questionnaire  and 
eedical  record  reviews.  Currant  cardiac  Bnd  peripheral  vascular  status  vere 
aeasured  by  physical  examination  and  laboratory  procedures.  Coronary  heart 
disease  (CHD)  has  been  of  general  concern  in  this  study  because  both  aale 
cohorts  are  largely  within  the  high  risk  ages  of  40  to  63. 

Since  TCDD  probably  does  not  directly  and  permanently  affect  cardiovas¬ 
cular  function,  a  theoretical  question  that  arises  is  whether  TCDD  night  have 
altered  a  cardiovascular  disease  risk  factor  that  will  exert  a  future  adverse 
impact.  There  may  be  indirect  evidence  for  such  a  possibility. 

Risk  factors  for  CHD  include  age,  sex,  race,  family  history,  past 
personal  history,  diabetes  (all  types),  smoking,  cholesterol  (and 
cholesterol-HDL  ratio),  diet,  blood  pressure,  body  weight,  exercise  pattern, 
stress  (personality  type),  and  alcohol.  *  Of  these  risk  factors,  hyper¬ 
tension  and  cholesterol  have  received  consistent  attention  in  clinical  and 
epidemiological  evaluations.  Hypertension,  either  at  routine  examination  or 
via  specific  study,  1  has  not  been  related  to  phenoxy  herbicide  or  TCDD 
exposure.  However,  hypercholesterolemia  has  been  repeatedly  associated  vlth 
acute  exposure  to  chlorophenols  and  dioxin.  '  2,1  'l 


Baseline  Summary  Results 

The  1982  Baseline  examination  found  no  statistically  significant 
differences  between  the  Ranch  Hand  and  Comparison  groups  in  systolic  or 
diastolic  blood  pressure,  the  frequency  of  abnormal  electrocardiographs 
(BCG's),  heart  sound  abnormalities,  abnormal  funduscopic  findings,  or  carotid 
bruits.  However,  a  statistically  significant  difference  emerged  in  the 
frequency  of  abnormal  peripheral  pulses *  12.8  percent  of  the  nonblack  Ranch 

Hands  exhibited  absent  or  diminished  peripheral  pulses  compared  to  9.4  per¬ 
cent  of  the  nonblack  Original  Comparisons  (p«0.05).  This  difference  was 
consistent  across  various  pulse  combinations  and  remained  statistically 
significant  vhan  all  Ranch  Hands  vere  contrasted  with  all  Comparisons, 
adjusting  for  age,  past  smoking  history,  and  cholesterol  level. 

No  statistically  significant  differences  were  found  between  the  two 
groups  in  the  occurrence  of  reported  or  verified  heart  disease  or  heart 
attacks,  although  a  significant  group-by-heart  disease-by-smoking  interaction 
was  noted  in  the  older  (40  or  more  years  of  age)  subgroup,  i.e.,  older  Ranch 
Hands  smoking  more  than  10  pack-years  developed  more  heart  disease  than  their 
Coaperisons,  whereas  older  Ranch  Hands  smoking  less  than  10  pack-years 
exhibited  less  heart  disease.  No  significant  dose-response  relationships  of 
any  of  the  cardiovascular  response  variables  vith  the  exposure  index  vere 
noted. 

Over  80  percent  of  reported  cardiac  conditions  obtained  from  the  study 
questionnaire  vere  verified  by  a  detailed  reviev  of  medical  records.  There 
was  also  strong  correlation  between  the  past  medical  history  of  cardiac 
disease  and  the  Baseline  cardiovascular  examination  findings.  However,  the 
differences  in  peripheral  pulse  abnormalities  primarily  occurred  in  older 
individuals  without  a  history  of  cardiovascular  disease.  These  abnormal¬ 
ities,  therefore,  may  be  a  precursor  to  more  serious  arterial  disease  or 
central  dysfunction* 
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Finally,  tha  vell-knovn  risk  factors  of  age,  saoking,  and  cholcstarol 
vara  found  to  be  highly  corralatad  with  aach  othar  and  with  several  of  tha 
cardiovascular  rasponsa  variablas. 


Parameters  of  tha  1963  Cardiovascular  Examination 

Tha  1985  cardiovascular  axaaination  vas  vary  siailar  to  tha  1982 
Basalina  axaaination.  Data  collactlon  vas  dividad  into  three  aajor 
categories!  haart  dlsaasa  history,  central  cardiac  function,  and  peripheral 
vascular  function. 

Historical  data  vara  collactad  by  a  quastionnalra  adainistarad  at  tha 
axaaination  sita,  covaring  tha  intarval  froa  1982  through  1985.  In  addition, 
tha  reviev-of-systees  portion  of  tha  physical  axaaination  racordad  tha 
ovarall  history  of  haart  troubla  and  othar  sarious  illnesses.  Medicul 
racords  vara  sought  on  all  individuals  to  varify  tha  raportad  conditions  and 
to  dataraina  the  tiae  of  occurranca  of  aajor  cardiac  avants.  Bach  part'd' 
pant  vas  classified  as  to  vhathar  or  not  ha  davalopad  assantial  hypertension, 
and  vhathar  ha  davalopad  haart  disaasa  or  had  an  acute  myocardial  infarction 
sinca  hi  a  tour  of  duty  in  Southaast  Asia  (SSA).  Thaaa  endpoints  vara 
analysad  along  vlth  all  othar  dependent  variablas  to  assess  the  ilajgree  of 
corralation  batvaan  tha  history  of  cardiovascular  disease  and  present  aadlcal 
findings.  In  addition,  Mortality  findings  vara  coablnad  vith  tha  cardio¬ 
vascular  disease  histories  to  fora  additional  endpoints. 

Central  cardiac  function  vas  assessed  by  the  aeasueeaents  of  systolic 
blood  pressure,  heart  sounds  (by  auscultation),  and  an  BCG.  Blood  pressure 
vas  daterainad  in  a  standardized  aanner  (se  ■  section  on  Physical  Bxaainarion 
Data),  and  all  examiners  and  diagnosticians  vara  retrained  on  tha  detection 
of  fourth  haart  sounds  and  tha  notation  of  in  tocent  a  iraurs  vithoul  recording 
thaa  as  abnormal  haart  sounds.  BCG's  vara  obtained  a "tar  adherence  to  a 
4-hour  fast  and  abstinence  froa  tobacco.  Tvelve-laad  *X3's  verr  racordad 
vith  a  rhytha  strip,  and  the  follovlng  itaas  va^a  considered  to  ba  abnormal! 
right  bundle  branch  block  (RBBB) ,  left  bundle  branch  bloc.  (LBBB),  non¬ 
specific  T-va/e  changes,  bradycardia,  tachycardia,  arrhythmia,  and  other 
diagnoses  (e.g.,  A-V  block,  evidence  of  a  prior  ayocardit:.  infarction). 

Evaluation  of  tha  peripheral  vascular  systaa  vas  based  on  diastolic 
blood  pressure,  funduscopic  axaaination,  auscultation  of  the  carotid 
arteries,  and  determination  of  tha  quality  of  five  peripheral  pulses.  Tha 
presence  of  carotid  bruits  vas  racordad  in  both  carotid  arteries.  Tha 
feaoral,  popliteal,  dorsalis  pedis,  posterior  tibial,  and  radial  pulses  vara 
assessed  both  by  nanus 1  palpation  and  Doppler  techniques  because  of  the 
significant  group  differences  discovered  at  tha  Basalina  axaaination. 

Doppler  results  vara  considered  tha  "gold  standard"  for  tha  pulse  neaaure- 
aents,  although  sensitivity  correlations  vara  established  vlth  palpation 
results-  Rata  changes  of  abnoraal  pulses  occurring  sinca  tha  Baseline 
axaaination  vara  also  axaainad. 

In  addition  to  tha  above  dependant  variablas,  considerable  analytical 
attention  vas  directed  to  tha  cardiovascular  risk  factor-n  of  aga,  race, 
occupation  (OCC),  and  updated  values  for  saoking  history  (pack -year* 

[PACKYR],  and  currant  saoking  level  [CSMOK]),  alcohol  history  (drink-years 
[DRKYR] ,  and  current  drinking  level  (ALC]),  cholesterol  (CBQL),  BDL, 
cholesterol-HDL  ratio  (CHOL/HDL),  percent  body  fat  (XBFAT),  personality  ^ore 
(PS),  and  differential  cortisol  response  (DIFCORT). 
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Individuals  vith  a  verified  history  of  diabetes  (or  those  with  an 
elevated  2-hour  postprandial  glucose  level)  vere  excluded  f roe  all  analyses 
except  the  morbidity-mortality  analysis.  In  addition,  individuals  vith 
peripheral  edena  vere  excluded  from  analyses  of  the  Manual  peripheral  pulses 
because  of  the  difficulty  of  measuring  the  pulse  in  the  presence  of  edema. 

Logistic  regression  models  vere  used  for  dichotomous  variables,  and 
general  linear  models  for  continuous  variables.  All  covariates  except  race 
and  occupation  vere  treated  as  continuous  variables.  Hue  to  the  large  number 
of  covariates,  analyses  vere  carried  out  as  follovs.  Hodels  adjusting  only 
for  age,  race,  and  occupation  vere  examined  first,  folloved  by  models 
incorporating  group  (GRP)-by-age,  group-by-race,  and  group-by-occupation 
interactions.  Analyses  vere  then  performed,  adjusting  for  (1)  all  covariates 
and  (2)  all  covariates,  but  vith  only  one  variable  selected  from  among  each 
of  the  sets:  pack-years  of  smoking,  current  smoking;  cholesterol,  HDL, 
cholesterol-HDL  ratio;  and  drink-years  of  alcohol,  current  alcohol  intensity. 
Selection  of  the  covariate  from  each  set  vas  based  on  examination  of  the 
pairvise  covariate-by-dependent  variable  associations  and  the  coefficient 
from  the  fully  adjusted  model. 

Stepvise  modeling  vas  then  conducted  using  all  covariates,  but  vith  only 
one  variable  selected  from  each  of  the  sets  described  above.  Only  group- by¬ 
covariate  interactions  vere  examined,  as  vere  the  three-factor  interactions 
of  group-by -age-by-race,  group-by-age-by-occupation,  and  group-by- race-by¬ 
occupation.  "Best  models"  refer  to  the  models  including  only  the  statis¬ 
tically  significant  covariate  and  interaction  terms.  Minor  numeric 
disparities  in  the  tables  that  follov  reflect  missing  dependent  variable  or 
covariate  data.  Parallel  analyses  using  Original  Comprrisons  can  be  found  in 
Tables  M-12  through  M-20  of  Appendix  M. 

Morbidity  and  mortality  data  on  the  full  Ranch  Hand  cohort  and  an 
appropriate  Comparison  cohort  vere  tabulated  for  four  endpoints:  (1)  death 
(any  cause)  or  verified  nonfata.l  heart  disease,  (2)  death  (any  cause)  or 
verified  non fatal  myocardial  infarction,  (3)  fatal  or  nonfatal  verified  heart 
disease,  and  (4)  fatal  or  nonfatal  verified  myocardial  infarction  or  fatal 
heart  disease.  This  analysis  involved  a  number  of  assumptions,  particularly 
vith  respect  to  missing  histories  in  the  noncompliant  study  subjects. 


RESULTS  AND  DISCUSSION 


Questionnaire  Data:  Reported  and  Verified  Heart  Disease 


Por  each  participant,  a  cardiovascular  disease  history  vas  obtained  from 
both  the  questionnaire  and  physical  examination  reviev  of  systems  history. 

The  baseline  and  third-year  follovup  data  vere  merged  to  determine,  for  each 
participant  completing  the  third-year  follovup  examination,  vhether  there  vas 
ever  a  reported  history  of  cardiovascular  disease  folloving  service  in 
Vietnam.  Reported  conditions  vere  verified  by  medical  record  revievs  and 
classified  according  to  the  ICD-9-CM.  The  folloving  three  variables  vere 
analyzed  in  terms  of  both  reported  and  verified  events: 


Variables 


ICD-9CM  Codes 


Essential  Hypertension 
Heart  Disease  (Excluding  Essential 
Hypertension) 

Acute  Myocardial  Infarction 


401 

391,  393-398,  402,  404 
410-414,  415-417,  420-429 
410 
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Table  15-1  gives  the  unadjusted  analysis  of  reported  and  verified 
cardiovascular  disease  in  the  Ranch  Hand  and  Comparison  groups  and  the 
results  of  unadjusted  group  contrasts.  Essential  hypertension  vas  reported 
in  slightly  over  25  percent  of  the  participants,  vith  rates  not  significantly 
different  in  the  tvo  groups  (p«0.5V6).  About  80  percent  of  these  cases  vere 
verified,  leaving  similar  rates  of  20.7  and  20.2  percent  in  the  Ranch  Hand 
and  Comparison  groups,  respectively,  for  verified  essential  hypertension. 
Reported  heart  disease  vas  a  little  higher  in  the  Ranch  Hand  group  (28. IX  vs. 
26. IX)  but  the  difference  in  the  percentage  of  verified  heart  disease  vas  of 
borderline  significance  (23. 8X  vs.  20. 3X,  p-0.054).  The  rates  of  reported 
and  verified  myocardial  infarctions  vere  about  2  percent  and  1  percent, 
respectively,  and  not  significantly  different  in  the  tvo  groups. 

The  associations  betveen  each  of  the  covariates  and  the  three  verified 
cardiovascular  endpoints  are  presented  in  Tables  15-2,  15-3,  and  15-4.  The 
tables  containing  the  covariate  associations  vith  the  reported  cardiovascular 
diseases  are  included  in  Tables  M-l  through  M-3  of  Appendix  H.  All  reported 
cardiac  illnesses  (verified  and  unverified)  are  included  in  these  tables. 

Many  of  the  classic  risk  factors  vere  identified.  Age,  smoking,  cholesterol 
and/or  cholesterol-HDL  ratio,  percent  body  fat,  differential  cortisol,  and 
alcohol  use  vere  significantly  associated  vith  reported  and  verified 
essential  hypertension,  although  the  smoking  effect  vas  in  the  opposite 
direction  of  that  expected.  Age,  occupation,  and  the  cholesterol-HDL  ratio 
vere  significantly  associated  vith  reported  and  verified  heart  disease,  vith 
■ore  disease  found  in  officers  than  in  enlisted  personnel.  Age,  pack-years 
of  smoking,  cholesterol-HDL  ratio,  and.  drink-years  of  alcohol  vere  signif¬ 
icantly  associated  vith  reported  and/or  verified  myocardial  infarction  (the 
smoking  effect  being  in  the  expected  direction). 

The  results  of  logistic  regression  analyses  adjusting  for  these 
variables  are  presented  in  Table  15-5.  The  results  vere  similar  to  the 
unadjusted  results,  but  the  adjusted  relative  risk  for  verified  heart  disease 
reached  statistical  significance  (p»0.036).  No  significant  group-by- 
covariate  interactio  s  vere  noted.  Nearly  identical  results  vere  obtained  in 
the  aualysis  of  the  Ranch  Hands  and  Original  Comparisons  (see  Tables  H-12  and 
M-13  of  Appendix  M). 


Morbidity-Mortality  Analysis 

Differential  mortality  in  the  tvo  groups  could  introduce  bias  in  the 
analysis  of  morbidity  data.  For  the  cardiovascular  evaluation,  morbidity  and 
mortality  data  on  all  Ranch  Hands  (diabetics  included)  arid  the  first  Com¬ 
parison  of  the  randomly  ordered  set  matched  to  the  Ranch  Hands  vere  combined 
to  estimate  the  frequency  of  four  hierarchical  cardiovascular  endpoints. 
Because  of  competing  mortality  and  possible  misclassification  of  the  cause  of 
death,  the  endpoints  of  death  (any  cause)  or  verified  nonfatal  heart  disease, 
and  death  (anv  cause)  or  verified  nonfatal  myocardial  infarction  vere 
examined  to  assess  group  differences  in  the  most  extreme  case  (i.e.,.  all 
deaths  being  associated  vith  cardiovascular  disease).  The  other  tvo 
endpoints  vere  limited  to  fatal  or  nonfatal  verified  heart  disease,  and  fatal 
or  nonfatal  verified  myocardial  infarction  or  fatal  heart  disease. 

The  analysis  vas  based  on  1,257  Ranch  Hands  and  1,253  Comparisons.  The 
history  of  each  individual  from  the  end  of  his  tour  of  duty  in  SEA  to  the 
present  vas  revieved.  Histories  of  verified  heart  disease  and  myocardial 
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Unadjusted  Analyses  for  Reported  and  Verified  Heart  Disease  by  Group 
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Verified  n  942  1,206 

Hyocardial  Yes  9  1.0  13  1.1  0.88  (0.38,2.08)  0.779 

Infarction  No  933  99.0  1,193  98.9 


TABLE  15-2 


Association  Betveen  Verified  Essential  Hypertension  and  the  Corariates 
in  the  Contained  Ranch  Hand  and  Coeparison  Groups 


Covariate 

Cover is te 

Category 

Total 

Percent  Abnoreal 

p-Value 

Age 

Born  £1942 

934 

17.2 

0.001 

Born  <1942 

1(214 

22.9 

Race 

Black 

126 

25.4 

0.191 

Nonblack 

2,022 

20.1 

Occupation 

Officer 

807 

21.2 

Enlisted  Flyer 

354 

20.1 

0.798 

Enlisted  Groundcrev 

987 

20.0 

Current 

0 

1,262 

22.8 

Sacking 

>0  -  20 

463 

16.6 

0.005 

>20 

422 

17.5 

Pack-Tears 

0 

512 

24.8 

Saoking 

>0  -  10 

760 

17.9 

0.010 

>10 

869 

20.0 

Choles  carol 

£00 

766 

15.5 

>200  -  230 

650 

21.1 

<0.001 

>230 

732 

25.0 

HDL 

<40 

719 

21.6 

>40  -  50 

754 

20.6 

0.524 

>50 

675 

l?.l 

Choles terol-HDL 

*4.2 

717 

16.2 

Ratio 

>4.2  -  <5.5 

743 

21.3 

0.001 

£5.5 

688 

24.0 

Percent 

<10 

10 

0.0 

Body  Pat 

10  -  25 

1,758 

16.7 

<0.001 

>25 

379 

38.5 

Personality 

<-5 

829 

22.3 

Score 

-5-5 

731 

20.5 

0.113 

>5 

580 

17.8 

Differential 

<0.6 

704 

23.6 

Cortisol 

>0.6  -  4,0 

745 

19.1 

0.033 

>4.0 

683 

18.4 

Current 

0 

592 

21.4 

Alcohol  Use 

>0-1 

809 

17.2 

0.011 

(Drinks/Day) 

>1 

738 

23.7 

Dri nk- Years 

<1.25 

691 

21.1 

Alcohol 

>1.25  -  2b 

719 

18.4 

0,116 

>25 

666 

22.8 
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TAIL*  15-3 


Association  Batvssn  Verified  Heart  Dissnso  and  ths  Govarlates 
in  ths  Cosbina.?.  lunch  Band  and  Conpsrison  Groups 


Covariata 
Covariata  Catafory 


Par cant 

Total  Abnornal  p-Valu* 


AfS 

Born  £1942 

Born  <1942 

934 

1,214 

17.9 

24.9 

<0.001 

Raca 

Black 

Nonblack 

126 

2,022 

23.0 

21.8 

0.826 

Occupation 

Officer 

Enlisted  Flyer 
Enlisted  Groundcrev 

807 

354 

987 

24.8 

20.9 

19.8 

0.034 

Currant 

Ssoking 

0 

>0  -  20 
>20 

1,262 

463 

422 

22.7 

21.2 

19.9 

0.461 

Pack-Taara 

Ssobin* 

0 

>0  -  10 
>10 

512 

760 

G69 

23.2 

20.9 

21.9 

0.617 

Cholcstarol 

£200 

>200  -  230 
>230 

766 

650 

732 

21.2 

21.1 

23.2 

0.533 

HDL 

£40 

>40  -  50 
>50 

719 

754 

675 

21.7 

20.4 

23.6 

0.357 

Cholesterol- 

HDL 

Ratio 

£4.2 

>4.2  -  <5.5 
£5.5 

717 

743 

688 

24.1 

18.8 

22.7 

0.041 

Parcant 

Body  Fat 

<10 

10  -  25 
>25 

10 

1,758 

379 

30.0 

22.1 

20.3 

0.619 

Parsonality 

Scora 

a 

<-5 

-5-5 

>5 

829 

731 

580 

21.4 

20.9 

24.0 

0.369 

Differential 

Cortisol 

£0.6 

>0.6  -  4.0 
>4.0 

704 

743 

683 

19.2 

22.4 

24.0 

0.084 

Currant 
Alcohol  Usa 
Drinks/Day 

0 

51 

>0  -  1 

592 

809 

738 

23.0 

22.5 

20.3 

0.441 

Drink-Taars 

Alcohol 

£1.25 

>1.25  -  25 
>25 

691 

719 

666 

21.4 

22.0 

21.8 

0.968 

TABLE  15-4 


Association  Batveen  Verified  Myocardial  Infarction  and  tha  Covariates 
in  the  Conbinad  Ranch  Band  and  Comparison  Groups 


Covariate  Parcant 


Covariata 

Category 

Total 

Abnoraal 

p-Value 

A*a 

Born  £1942 

934 

0.2 

0.002 

Born  <1942 

1,214 

1.6 

Raca 

Black 

126 

0.0 

0.471 

Nonblack 

2,022 

1.1 

Occupation 

Officer 

807 

0.9 

Enlisted  Flyer 

354 

1.4 

0.697 

Enlisted  Groundcrev 

987 

1.0 

Current 

0 

1,262 

0.8 

Saoking 

>0  -  20 

463 

1.7 

0.228 

>20 

422 

1.0 

Pack-yaars 

0 

512 

0.2 

Saoking 

>0  -  10 

760 

0.8 

0.018 

>10 

869 

1.7 

Cholesterol 

£200 

766 

0.3 

>200  -  230 

650 

0.9 

0.095 

>230 

732 

1.6 

HDL 

£40 

719 

1.3 

>40  -  SO 

754 

0.9 

0.210 

>50 

673 

0.6 

Cholesterol- 

£4.2 

717 

0.4 

HDL 

>4.2  -  <5.5 

743 

0.9 

0.046 

Ratio 

>5.5 

688 

1.7 

Parcant 

<10 

10 

0.0 

Body  Pat 

10  -  23 

1,758 

1.0 

0.872 

>25 

379 

0.8 

Personality 

<-5 

829 

0.8 

Score 

-5-5 

731 

1.5 

0.278 

>3 

580 

0.7 

Differential 

£0.6 

704 

1.0 

Cortisol 

>0.6  -  4.0 

745 

1.1 

0.989 

>4.0 

'  683 

1.0 

Currant 

0 

592 

1.5 

Alcohol  Use 

>0  -  1 

809 

0.9 

0.376 

(Drinks/Day) 

>1 

738 

0.8 

Drink-Tears 

£1.25 

'  691 

1.3 

Alcohol 

>1.23  -  25 

719 

0.4 

0.143 

>25 

666 

1.4 
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TABUS  15-5 


Adjusted  Analyses  for  Reported  and  Verified  Heart  Disease 


Variable 

Adj.  Relative 
Risk  (95X  C.I.) 

p- Value 

Covarlate  Renarks* 

Reported 

Essential 

Hypertension 

1.14  (0.93,1.41) 

0.211 

AGB  (p<0.001),  CSHOK 
(p-0. 001), CHOL 

(p<0.001),  XBFAT  (p<0.001),  ALC 

(p<0.001) 

Verified 

Essential 

Hypertension 

1.11  (0.89,1.39) 

0.347 

AGE  (p-0.021), 

CSHOK  (p-0.021),  CHOL 
(p<0.001),  XBPAT  (p<0.001), 

PS  (p-0.039) 

Reported  Heart 
Disease 

1.12  (0.92,1.36) 

0.258 

AGE  (p<0.001) 

Verified  Heart 
Disease 

1.25  (1.02,1.54) 

0.036 

AGE  (p<0.00l) 

Reported 

Myocardial 

Infarction 

1.16  (0.60,2.23) 

0.667 

AGE  (p<0.001),OCC  (p-0.014), 
CHOL/HDL  (p-0.016) 

Verified 

Myocardial 

Infarction 

0.93  (0.38,2.23) 

0.865 

AGE  (p<0.001),  CHOL/HDL 
(p-0.025) 

^Abbreviations: 


CSHOK: 

CHOL: 

XBPAT: 

ALC: 

PS: 

OCC: 

CHOL/HDL: 


Current  smoking 
Cholesterol 
Percent  body  fat 

Current  alcohol  use  (drinks/day) 

Personality  score 

Occupation 

Choiesterol-HDL  ratio 
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infarction  for  living  individuals  vho  vara  noncoapliant  at  Baseline  and  at 
tha  follovup  vara  aissing.  For  tha  living  noncoapliant  individuals,  tha 
obsarved  rata  in  tha  coapliant  individuals  vas  usad  to  astiaata  tha  nuabar  of 
nonfatal  avants  aaong  tha  noncoapliant  individuals  for  aach  cohort.  It  vas 
assuaad  that  thara  vara  no  nonfatal  cardiovascular  avants  in  tha  noncoapliant 
individuals  vho  diad  dua  to  a  causa  othar  than  cardiovascular  systaa  failure. 
Tha  results  are  shovn  in  Table  H-4  of  Appendix  M. 

Thara  vas  a  total  of  66  deaths  in  tha  Ranch  Band  group  and  77  In  tha 
group  of  Coaparisons.  Tha  estimated  percentage  of  Ranch  Bands  vho  '.led  (any 
cause)  or  had  a  verified  nonfatal  history  of  heart  disease  vas  27.4  as 
contrasted  to  24.5  in  the  Coaparisons. 

The  rate  of  verified  nonfatal  nyocardial  infarctions  vas  approximately 
1  percent  in  aach  group.  Tha  estimated  percentage  of  deaths  (any  causa)  or 
verified  nonfatal  nyocardial  infarction  vas  6.4  percent  in  tha  Ranch  Hands 
and  7.0  percent  in  tha  Comparisons. 

Only  5  of  the  66  deaths  in  the  Ranch  Hands  and  3  of  the  77  deaths  in  the 
Coaparisons  either  vere  froa  heart  disease,  or  vare  individuals  vho  had 
verified  heart  disease  histories.  The  estimated  percentage  of  fatal  and 
nonfatal  verified  heart  disease  vas  22.5  percent  in  the  Ranch  Hands  and 
18.6  percent  in  the  Coaparisons. 

Of  the  66  deaths  in  the  Ranch  Bands  only  1  individual  died  froa 
cardiovascular  disease  or  had  a  verified  history  of  myocardial  infarction  as 
compared  to  2  of  the  77  deaths  in  the  Coaparisons.  The  estimated  percentage 
of  fatal  or  nonfatal  verified  myocardial  infarction  or  fatal  heart  disease 
vas  1.2  percent  in  the  Ranch  Hands  and  1.0  percent  in  the  Comparisons. 

These  contrasts  must  be  Interpreted  guardedly  since  they  involve  soae 
unverifiable  assumptions.  Nevertheless,  they  are  consistent  with  the 
aorbidln  findings  presented  in  the  chapter,  and  tend  to  shov  that  the 
clinical  cardiovascular  disease  spectrum  is  approxiaately  equal  in  both 
groups . 


Physic*  Examination  Data 


Central  Cardiac  Function 

Centrt .  cardiac  function  vas  assessed  by  the  measurement  of  systolic 
blood  pre^'ire,  heart  sounds,  and  an  ECG.  Systolic  blood  pressure  vas 
determine^  y  a  standardized  sphygmometer,  at  the  appearance  of  the  first 
sound  vith  the  nondominant  arm  placed  at  heart  level;  tha  loves t  value  of 
three  readings  vas  recorded.  Detection  of  abnormal  heart  sounds  vas 
conducted  by  standard  auscultation  vith  the  participant  placed  in  sitting, 
supine,  and  left  lateral  supine  positions.  Fourth  heart  sounds  vere 
assessed;  murmurs  vere  graded  in  intensity  and  location  and  vere  judged  to  be 
functional  (normal)  or  organic  (abnormal)  in  nature.  Fourth  heart  sounds 
vere  scored  as  abnormal.  ECG  data  vere  collected  by  a  standardized  12-lead 
machine;  approximately  95  percent  of  the  clinical  interpretations  vere 
performed  by  one  cardiologist.  All  participants  vere  asked  to  abstain  from 
smoking  for  at  least  4  hours  prior  to  their  ECG. 
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Systolic  Blood  Frtwmt 


Systolic  blood  pressure  ves  analysed  both  as  continuous  and  dichotomized 
variables  (normal,  140  or  less  mm  Hg}  abnormal,  more  than  140  mm  Hg).  Com¬ 
bined  distributional  data  from  both  groups  revealed  significant  digit  pref¬ 
erence  for  values  ending  in  zero  (p<0.0001  for  both  systolic  and  diastolic 
readings),  but  standard  statistical  analyses  were  performed  since  the 
zero-digit  peaks  (e.g.,  130,  140,  150  mm  Hg)  vere  relatively  uniform  and  did 
not  visually  differ  between  the  Ranch  Hand  and  Comparison  groups.  Zero  digit 
readings  vere  recorded  for  59.4  percent  of  the  systolic  blood  pressures  and 
55.0  percent  of  the  diastolic  blood  pressures. 

Table  15-6  gives  the  percentage  of  participants  with  abnormally  high 
systolic  values.  The  percent  of  abnormals  was  not  significantly  different 
from  each  other  (p-0.529).  Systolic  blood  pressure,  analyzed  as  a  continuous 
variable,  had  a  mean  of  118.96  us  Hg  (95X  C.I.:  [118.06,119.86])  for  the 
Ranch  Hand  group  and  a  mean  of  119.55  am  Hg  (95X  C.I.t  [118.71,120.39])  for 
the  Comparison  group.  These  means  vere  not  significantly  different 
(p«0.349).  The  means  vere  also  not  significantly  different  vhen  Original 
Comparisons  vere  used  (p*0.182). 

The  association  betveen  each  of  the  covariates  (categorized  into  either 
tvo  or  three  levels)  and  dichotomized  systolic  blood  pressure  in  the  combined 
Ranch  Hand  and  Comparison  groups  is  shown  in  Table  15-7.  Age,  cholesterol, 
percent  body  fat,  personality  score,  and  alcohol  use  (both  current  use  and 
drink-years)  vere  significantly  associated  with  increased  systolic  pressure. 
These  coyariate  effects  vere  in  the  direction  typically  found  in  other 
studies,  * '  except  for  personality  score  vhere  those  participants  vith  low 
scores  (in  the  Type  B  direction)  had  the  highest  percentage  of  abnormal 
values. 

Adjustment  of  the  categorical  systolic  blood  prer jure  by  the  above 
covariates  vas  performed  by  logistic  regression  analysis,  and  these  results 
are  presented  in  Table  15-8.  As  sbovn,  there  vere  no  significant  differences 
betveen  the  Ranch  Hand  and  Comparison  groups  (p-0.920).  Age,  cholesterol, 
percent  body  fat,  personality  score,  and  current  alcohol  use  all  had 
statistically  significant  effects.  An  adjusted  analysis  of  systolic  blood 
pressure  in  the  continuous  fora  revealed  a  significant  group  (GRP)-by-age- 
by-race  interaction  (p-0.012)  along  vith  the  significant  main  effects  of 
current  smoking  (p<0.001),  cholesterol  (p<0.001),  percent  body  fat  (p<0.001), 
personality  score  (p<0.001),  and  current  alcohol  use  (p«0.002).  Exploration 
of  the  Interaction  revealed  that  among  Blacks  there  vas  s  gro  p-by-age 
interaction  (p«0.007),  vith  a  mean  systolic  pressure  greater  in  the  Ranch 
Hand  group  than  in  the  Comparison  group  at  the  younger  age  levels,  but  lover 
at  the  older  age  levels.  The  estimated  Ranch  Hand-Comparison  difference  vas 
4.56  (t  3.30)  mm  Hg  at  the  Baseline  age  of  35  and  -16.01  (±  5.87)  an  Hg  at 
the  Baseline  age  of  53  (see  Table  M-5  of  Appendix  M).  In  the  nonblack  cohort 
the  group-by-age  interaction  vas  not  significant  (p-0.338) ,  nor  vas  there 
evidence  of  any  overall  group  effect  (p»0.356).  In  the  analysis  of  the  Ranch 
Hands  and  Original  Comparisons,  there  vere  no  statistically  significant  group 
differences,  either  unadjusted  or  adjusted  for  covariate  effects  (see  Tables 
M-14  and  M-15  of  Appendix  M). 
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TABU  13-8 


Adjusted  Analyses  for  Central  Cardiac  Function 
(Diabetics  Excluded)* 


Adi.  Relative  Covariate 

Variable  Risk  (95X  C.I.)  p-Valu*  Renarka* 


Systolic  Blood 
Pressure  (Discrete) 

0.98  (0.69,1.40) 

0.920 

AGB  (p<0.0)l) 

CH0L  (p-0.004) 

XBPAT  (p<0.001) 

PS  (p-0.002) 

ALC  (p-0.020) 

Systolic  Blood 
Pressure  (Continuous) 

**** 

GRP*RACB*AGB  (p«9.012) 
CSMOK  (p<0.001) 

C80L  (p<0.001) 

XBPAT  (p<0.001) 

PS  (p<0.001) 

ALC  (p-0.002) 

Heart  Sounds 

1.33  (0.80,2.24) 

0.276 

AGB  (p<0.001) 

RACE  (p-0.003) 

CB0L/HDL  (p-0.002) 

BCG 

(Overall) 

**** 

**** 

AGB  (p<0.001) 

RAC*  (p-0.005) 

XBPAT  (p<0  001) 
GRP*PACKYR  (p-0.008) 

BCG:  RBBB 

0.72  (0.24,2.15) 

0.555 

AGB  (p-0.008) 

BCG:  Nonspecific 
ST-T-Vave  Changes 

1.12  (0.81,1.53) 

0.497 

AGB  (p<0.001) 

RACE  (p-0.005) 

CHOL  (p-0.007) 

XBPAT  (p<0.001) 
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TABUS  15-8.  (continued) 


Adjusted  Analyses  for  Central  Cardiac  Function 
(Diabetics  RxcTucv*)* 


/.dj .  Relative  Covariate 

Variable  Risk  (951  C.I.)  p-Value  Reasrka** 


BCG: 

Bradycardia 

1.08  (0.72,1.62) 

0.726 

0CC  (p-0.047) 
CH0L/HDL  (p<0.001) 

BCG: 

Arrhythaia 

see* 

**** 

AGB  (p-0.001) 

OCC  (p<0.001) 

GRP* PACK YR  (p-0.018) 
GRP*XBFAT  (p-0.C38) 

BCG: 

Other  Diagnoses 

0.92  (0.69,1.23) 

0.575 

AGB  (p<0.001) 

RACK  (p-0.015) 

CSHOK  (p-0.039) 

* 

♦Sons  adjusted  analyses  did  not  explore  effects  of  all  covariates  due  to 
sparse  number  of  abnoraalitles  (see  text). 

♦♦Additional  )brevlatlons: 


GRP:  group 

PACKTRi  pack-years  saoking 

****Group-by-covsriate  interaction,  relative  risk/difference  in  group  aeans, 
95Z  confidence  interval,  and  p-value  not  presented  (see  Table  H-5  of 
Appendix  N). 
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Heart  Sounds 


As  shown  in  Table  15-6,  the  unadjusted  frequency  of  abnormal  heart 
sounds  in  the  two  groups  was  not  significantly  different  (p«0.384). 

The  covariate  tests  of  association  (Table  15-7)  showed  significant 
effects  for  age  (p«0.005),  cholesterol-HDL  ratio  (p*0.003),  and  a  borderline 
association  with  occupation  (p«0.069).  Increased  age  (born  before  1942)  had 
a  frequency  of  3.9  percent  heart  sound  abnormalities  as  contrasted  to 
1.6  percent  abnormalities  in  the  younger  age  group  (born  in  or  after  1942). 
The  cholesterol-HDL  ratio  (less  than  or  equal  to  4.2,  between  4.2  and  5.5, 
and  greater  than  or  equal  to  5,5)  was  positively  associated  with  increasing 
frequencies  of  abnormal  heart  sounds  (1.7,  2.6,  and  4.7  percent,  respec¬ 
tively).  The  observed  frequencies  of  abnormal  heart  sounds  were  3.8,  1.4, 
and  2.7  percent  in  the  officers,  enlisted  flyers,  and  the  enlisted 
groundcrew,  respectively. 

The  adjusted  analysis  (Table  15-8)  did  not  detect  any  significant  group 
differences  (p-0.276).  Age,  race,  and  the  cholesterol-HDL  ratio  were 
significant  covariates  (p<0.001,  p*0.003,  and  p-0.002,  respectively).  No 
two-  or  three-way  group  interactions  were  noted.  Similarly,  nonsignificant 
results  were  found  in  the  analyses  of  the  Original  Comparisons  versus  the 
Ranch  Hands  (see  Table  M-15  of  Appendix  M). 


Electrocardiograph  Findings 

All  ECG  tracings  were  scored  as  normal  or  abnormal;  specific  abnormal¬ 
ities  included  RBBB,  LBBB,  nonspecific  T-wave  changes,  bradycardia, 
tachycardia,  arrhythmia,  and  other  diagnoses. 

The  unadjusted  analysis  of  these  variables  (Table  15-6)  showed  no 
statistically  significant  differences  in  the  overall  ECG  results,  or  any  of 
the  specific  subcategories,  between  the  Ranch  Hand  and  Comparison  groups. 

Two  additional  findings  in  the  analysis  were  of  interest:  (1)  the  Ranch 
Hands  had  a  uniformly  lover  number  of  ECG  abnormalities  than  the  Comparisons 
(though  not  statistically  significant),  and  (2)  the  sum  of  the  specific  ECG 
findings  exceeds  the  proportion  of  abnormalities  scored  on  the  overall  ECG 
because  some  Individuals  accounted  for  two  or  more  abnormalities. 

The  associations  between  the  covariates  and  the  various  ECG  findings  are 
presented  in  Table  15-7.  Age  was  significantly  associated  with  the  overall 
ECG  findings  (p<0.001),  nonspecific  T-wave  changes  (p<0.001),  and  other  ECG 
diagnoses  (p<0.001),  with  more  abnormalities  found  in  the  older  age  group. 
Occupation  was  significantly  associated  with  bradycardia  (p«0.010), 
arrhythmia  (p-0.023),  and  other  ECG  findings  (p-0.011).  A  higher  percentage 
of  officers  than  enlisted  flyers  cr  groundcrew  had  bradycardia,  whereas 
enlisted  flyers  had  the  lowest  proportion  of  arrhythmias,  and  enlisted 
groundcrew  had  the  highest  percentage.  Officers  and  enlisted  flyers  had  a 
higher  percentage  than  the  enlisted  groundcrew  cohort  of  other  ECG  findings. 

Pack-years  of  smok  >  was  significantly  associated  with  the  overall  ECG 
findings  (p^O.010;,  T-va  e  changes  (p-0.038),  bradycardia  (p*0.007), 
arrhythmia  (p=C.028),  and  other  ECG  diagnoses  (p*0.023).  For  the  overall  ECG 
findings,  nonspecific  T-vave  changes,  and  arrhythmias,  the  moderate  smoking 
group  (greater  than  0  to  10  pack-years)  had  the  fewest  abnormalities. 
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Bradycardia  was  negatively  associated  with  pack-years  of  stroking,  with  the 
highest  frequency  of  abnormalities  (7.2%)  found  in  the  0  pack-years  category 
versus  the  lowest  proportion  (3.6%)  of  abnorsalities  in  the  greater  than 
10  pack-years  category.  Cholesterol  levels  and/or  the  cholesterol-3DL  ratio 
were  positively  associated  with  abnormalities  in  the  overall  ECG  Np«0.016) 
and  T-wave  findings  (p<0.001),  but  were  negatively  associated  with 
bradycardia  (p<0.001). 

Increased  percent  body  fat  was  significantly  associated  with  overall  ECG 
abnormalities  (p<0.001)  and  nonspecific  T-wave  changes  (p<0.001).  Drink- 
years  of  alcohol  vas  only  associated  with  T-wave  changes  (p-0.006) ,  with  more 
abnormalities  in  the  greater  than  25  drink-years  category  than  in  the  less 
than  or  ecual  to  1.25  drink-years  category,  but  relatively  fewer  abnormal¬ 
ities  in  tne  more  than  1.25  to  25  drink-years  category.  The  covariate  of 
current  alcohol  use  was  associated  only  with  the  category  of  other  ECG 
diagnoses  (p-0.019),  but  not  in  a  consistent  manner  (individuals  averaging 
less  than  one  drink  per  day  had  more  abnormalities  than  nondrinkers,  but 
those  averaging  more  than  one  drink  per  day  had  the  lowest  percentage  of 
abnormalities).  The  covariates  of  race,  current  smoking,  personality  score, 
and  differential  cortisol  level,  hovever,  did  not  significantly  affect  the 
variables  of  central  cardiac  function. 

Results  from  the  adjusted  logistic  regression  analyses  are  shown  in 
Table  15-8.  No  significant  group  differences  were  detected  for  categorical 
RBBB,  T-wave  changes,  bradycardia,  and  other  ECG  diagnoses.  The  covariates 
of  age,  race,  percent  body  fat,  pack-years  of  smoking,  current  smoking, 
cholesterol,  and  cholesterol-HDL  ratio  were  significantly  associated  with  one 
or  more  of  the  ECG  variables.  RBBB  was  adjusted  only  for  age  due  to  the 
.small  number  of  abnormalities. 

The  adjusted  analysis  of  the  overall  ECG  findings  revealed  a  significant 
group-by-pack-year  interaction  (p-0.008),  and  the  analysis  of  the  arrhythmia 
variable  disclosed  two  significant  interactions:  a  group-by-pack-year  asso¬ 
ciation  (p«0.018)  and  a  group- by-percent  body  fat  association  (p»0.038).  All 
of  these  interactions  are  displayed  in  Table  M-5  of  Appendix  M.  In  the  case 
of  the  overall  ECG  findings,  the  adjusted  relative  risk  among  nonsmokers  was 
significantly  less  than  one  (p-0.038),  i.e.,  a  lower  risk  for  Ranch  Hands 
than  Comparisons.  For  heavy  smokers  (30  pack-years),  the  adjusted  relative 
risk  was  1.25  (95%  C.I.:  [0.89,1.76],  p-0.197).  For  cardiac  arrhythmias, 
exploration  of  the  group-by-pack-year  interaction  at  the  approximate  mean 
percent  body  fat  of  21  percent  showed  a  borderline  significant  relationship 
favoring  the  nonsmoking  Ranch  Hands  (Adj.  RR:  0.58,  95%  C.I.:  [0.30,1.10], 
p-0.093);  heavy  smoking  Ranch  Hands  had  a  higher  proportion  of  arrhythmias 
than  heavy  smoking  Comparisons,  but  this  association  was  not  statistically 
significeut  (p-0.162).  For  the  group-by-percent  body  fat  interaction, 

10  percent  and  30  percent  body  fat  levels  were  analyzed  at  the  approximate 
median  of  7  pack-years  of  smoking.  The  adjusted  relative  risk  of  0.23 
(95%  C.I.:  [0.07,0.78])  was  statistically  significant  for  the  10  percent  body 
fat  category  (p«0.018),  indicating  a  lower  adjusted  frequency  of  cardiac 
arrhythmias  for  nonobese  Ranch  Hands  than  for  nonobese  Comparisons.  This 
situation  was  reversed  for  obese  Ranch  Hands,  but  the  association  was  not 
statistically  significant  (RR:  1.88,  95%  C.I.:  [0.66,5.34],  p-0.234). 

The  adjusted  analyses  using  the  Original  Comparisons  were  nearly 
identical  to  the  analyses  of  the  total  Comparison  group,  including  the  three 


15-19 


group  interactions  for  overall  ECG  findings  and  cardiac  arrhythmias  described 
above.  The  analyses  of  the  Original  Comparison  group  are  found  in  Tables 
M-15  and  M-16  of  Appendix  M. 


Peripheral  Vascular  Function 

Peripheral  vascular  function  was  assessed  by  the  diastolic  blood 
pressure,  funduscopic  examination  of  small  vessels,  the  presence  or  absent  -> 
of  carotid  bruits,  and  both  manual  palpation  and  Doppler  bilateral  measure 
nents  cf  the  radial,  femoral,  popliteal,  dorsalis  pedis,  and  posterior  til  al 
pulses.  Individual  peripheral  pulses  vere  combined  to  form  overall  indices 
of  peripheral  vascular  status.  Diastolic  blood  pressure  vas  measured  by  the 
standard  auscultatory  technique,  and  vas  recorded  at  the  pressure  level 
corresponding  to  the  disappearance  of  sound.  The  funduscopic  examination  vas 
conducted  vith  undilated  pupils  in  a  standard  maimer,  with  emphasis  placed 
upon  the  detection  of  arterio-venous  nicking,  hemorrhages,  exudate,  and 
papilledema.  Carotid  bruits  vere  assessed  by  standard  bilateral  ausculta¬ 
tion;  confirmation  of  bruits  vas  not  attempted  by  the  Doppler  technique. 
Manual  pulse  determinations  vere  performed  by  the  examining  physician, 
independent  of  the  Doppler  measurements  performed  by  qualified  technicians. 
Tobacco  abstinence  for  at  least  four  hours  vas  required  for  the  Doppler 
examination,  but  not  for  the  manual  palpation.  Only  the  physician 
diagnostician  had  access  to  both  sets  of  pulse  data. 


Diastolic  Blood  Pressure 


Diastolic  blood  pressure  vas  analyzed  as  a  continuous  variable  and  as  a 
dichotomized  variable  (normal  value  less  than  or  equal  to  90  mm  Hg;  abnormal 
value  greater  than  90  mm  Hg).  As  vith  the  systolic  readings,  a  significant 
zero  digit  preference  vas  noted  for  the  diastolic  blood  pressure  values. 

Table  15-9  arrays  the  results  of  the  unadjusted  categorical  analyses. 

As  shovn,  there  are  no  statistically  significant  group  differences  for  the 
proportions  of  diastolic  abnormalities  (p-0.9?9).  Diastolic  blood  pressure, 
analyzed  as  a  continuous  variable,  had  a  mean  of  79.76  mm  Hg  (95X  C.I.: 
[71.97,  80.35])  for  the  Ranch  Hand  group  and  a  mean  of  79.77  mm  Hg  (95X  C.I.: 
[79.24,  80.30])  for  the  Comparison  Group.  These  means  vere  not  significantly 
different  (p*0.986).  The  means  vere  also  not  significantly  different  vhen 
Original  Comparisons  vere  used  (p-0.555). 

The  tests  of  covariate  association  vith  diastolic  blood  pressure  are 
given  in  Table  15-10.  Cholesterol,  cholesterol-HDL  ratio,  percent  body  fat, 
differential  cortisol,  and  current  alcohol  use  vere  significantly  related  to 
diastolic  blood  pressure  (p<0.001,  p-0.006,  p<0.001,  p-0.041,  and  p»0.014, 
respectively).  For  increasing  cholesterol,  cholesterol-HDL  ratio,  and  per¬ 
cent  body  fat,  increases  in  proportions  of  abnormal  diastolic  blood  pressure 
vere  obtained,  whereas  for  increasing  differential  cortisol  values,  a  decline 
in  blood  pressure  abnormalities  vas  found.  Current  alcohol  use  (drinks  per 
day)  revealed  an  inconsistent  association  vith  diastolic  blood  pressure 
abnormalities,  vith  nondrinkers  having  a  higher  proportion  of  abnormalities 
than  lov-level  drinkers,  but  a  lover  proportion  of  abnormalities  than 
moderate  drinkers  (8.3,  6.4,  and  10.6  percent  abnormalities,  respectively). 
The  covariates  of  age,  race,  occupation,  current  smoking,  pack-years  of 
smoking,  HDL,  personality  score,  and  drink-years  of  alcohol  vere  not 
associated  vith  diastolic  blood  pressure  abnormalities. 
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Unadjusted  Analyses  for  Peripheral  Vascular  Function  by  Group 

(Diabetics  Excluded ) 
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Pulses  Abnormal  20  2.2  25  2.1  1.03  (0.57,1.86)  0.932 

(Manual)  Horaal  909  97.8  1,166  97.9 


TABLE  15-9.  (continued) 


a 

e 

c  o 

O  b 

05  « 

«4  Ok 

b 


u 

5  I 


9 

O  b 

b  e 

o  « 

■o  u 

1  £ 


o  o 

CM  CM 


r-1  00  CO  'J  00  ^  HNM1 
O'  CM  M3  O  O'  O'  CM  5© 
lb  rH  CM  «b  HHQ 


CM  MC  00 
ONN 
CM  CM  O' 


HHO 
O'  CO  50 


MiniM 

on> 

CM  f* 


iN  M3  50  O'  M3  CO  N  O  CM  O'  CM  C0C0O 

■O  CO  CMHH  MftHCO  NON  CO  CM  »-5 

O'  O'  05  O'  0<  O'  O'  rH  00  O'  N  N 


O'  r^.  cm 
CM  CM  P 
05  O' 


O'  05  o 
CO  H  CM 
O'  05 


PI  V 

s  *** 

H 

mi 

H 

r* 

0| 

fH 

on 

f“d 

H 

of 

H 

fa 

s  01 

jh 

80 

80 

80 

80 

80 

80 

u 

o  3 

0  a 

c  a 

0  3 

0  3 

0  3 

0  S 

A-» 

CO 

s  C 
JS  o 

C  <  X 

3  s 

C  <0  * 

a  C 
c$2 

a  C 

e  u 
a$2 

J§  0 

a  <  * 

e  b 
JO  0 
CJ  <  z 

b 

H  0 
«  0  |H 

b  0  a 

o  n  a 


0  '  A  b  0  3  -**«. 

0  rb  0  0  -  lb  rH 

b  0  0  «  MH  r- 1  0 

•b  0  9  *b  0  S3.  009 
b  if  fl  rb  0  O.  0  *b  B 
U.fb  0  Qub  O  b  *«  0 

or*  ops  ©  e  * 

flu  CU  w  IbBiV  Qflu  sb 


0  9b 
•b  £  0 
cb  rb 

0  n  a 

0  i-i  p. 

S*S5 

fltkv 


b 

<•>  O 
«-t  -b 

3  S' 


15-27, 


TABLE  15-9.  (continued) 
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The  adjust**]  categorical  and  continuous  analyse*  are  shovn  in 
Table  13-11.  No  significant  group  differences  ver*  found  in  the  proportions 
of  diastolic  abnoraalities  (p-0.653),  or  in  the  difference  of  group  moan 
values  (p«0.299).  The  covarlates  of  current  smoking,  cholesterol,  percent 
body  fat,  and  current  alcoho^  use  vere  statistically  significant  in  both  the 
categorical  and  continuous  analyses}  age  vas  significant  only  in  the  analysis 
of  group  aaan  differences  (p-0.005).  No  significant  group-by-covariate 
interactions  vere  found  in  either  the  logistic  regression  or  general  linear 
models.  The  adjusted  analyses  for  the  Original  Comparisons  vere  very  siailar 
to  those  described  on  the  total  Comparison  group  (sue  Table  M-18  of 
Appendix  H). 


Punduacoplc  Examination 

The  funduscopic  examination  detected  only  13  individuals  vith  arterio¬ 
venous  nicking  (a  sign  of  chronic  blood  pressure  elevation)  or  vessel 
hemorrhages,  7  from  the  Ranch  Bands  and  6  from  the  Comparisons  <p-0.472, 

Table  15-9). 

The  covariate  tests  of  association  are  given  in  Table  15-10.  Age,  race, 
cholesterol/HDL  ratio,  percent  body  fat,  and  current  drinking  vere  statis¬ 
tically  significant  (p-0.004,  0.040,  0.016,  0.026,  and  0.004,  respectively). 
All  funduscopic  abnoraalities  vere  found  in  the  older  age  group  (born  in  or 
before  1942).  Blacks  had  a  higher  proportion  of  abnoraalities  than  nonblacks 
(2.4  percent  versus  0.5  percent,  respectively).  The  highest  cholesterol-HDL 
category  contained  the  highest  proportion  of  funduscopic  abnoraalities;  and 
increasing  levels  of  percent  body  fat  vere  associated  vith  increases  in 
proportions  of  abnormalities.  Current  alcohol  consumption  shoved  that 
nondrinker.*  had  the  highest  proportion  of  abnormalities.  The  covariates  of 
occupation,  current  ssoking,  pack-years  of  smoking,  cholesterol,  SDL, 
personality  score,  differential  cortisol  and  drink-years  of  alcohol  did  not 
shov  significant  effects. 

In  the  adjusted  analysis  by  logistic  regression  (Table  15-11),  there 
vere  no  significant  differences  in  funduscopic  abnoraalities  betveen  the 
Ranch  Band  and  Comparison  groups  (Adj.  RR:  1.78;  95X  C.I.:  [0.56,5.62], 
p-0.322).  Due  to  sparse  data  the  model  vas  adjusted  only  for  the  covariates 
of  age,  race,  cholesterol-BDL  ratio,  percent  body  fat,  and  current  alcohol 
consumption;  and  all  vere  significant  in  the  model.  No  group  interactions 
vere  detected,  and  the  results  of  the  contrast  of  the  Ranch  Band  vith  the 
Original  Comparison  group  vere  also  nonsignificant  (Table  M-18  of 
Appendix  M). 


Carotid  Bruits 

The  unadjusted  group  contrast  of  carotid  bruits  is  displayed  in  Table 
15-9.  The  proportions  of  bruits  in  both  groups  vere  similar  (Est.  RR:  1.28, 
952  C.I.:  [0.45,3.66],  p-0.646).  Overall,  only  14  bruits  vere  detected, 

7  from  each  group,  limiting  the  scope  of  the  adjusted  analyses. 

The  coverlet*  effects  are  given  in  Table  15-10.  Age,  current  smoking, 
and  cholesterol  vere  of  borderline  statistical  significance,  vhereas  drink- 
years  of  alcohol  vas  significantly  correlated  vith  carotid  bruits  (p-0.021), 
with  the  greater  than  25  drink-years  category  having  the  highest  proportion. 
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TABLE  15  11 


Adjusted  Analysis  for  Peripheral  Vascular  Function  by  Group 

(Diabetics  Excluded)* 


Statistical/ 

Clinical  Adj  Relative  Covariatw 


Variable 

Analysis 

Risk  (95X  C.I.) 

p-Value 

Reaarks** 

Diastolic 

Blood 

Pressure 

Discrete 

1.08  (0.78,1.48) 

0.633 

CSH0K  (p-0.040) 
CB0L  (p<0.001) 
XBPAT  (p<0.001) 

ALC  (p-0.008) 

Continuous 

0.38  (-0-34,  l.li;.* 

0.299* 

AG!  (p-0.003) 

CSM0K  (p<0.001) 
CBOL  (p<0.001) 
XBPAT  (p<0.001) 

ALC  (p-0.002) 

Funduscopic 

Examination 

1.78  (0.56,3.62) 

0.322 

AGE  (p<0.001) 

RACK  (p<0.001) 
CBOL/RDL  (p-0.017) 
Z1PAT  (p-0.037) 

ALC  (p-0.038) 

Carotid 

Bruits 

1.05  (0.35,3.16) 

0.928 

AGE  (p-0. 0U) 

DBKTR  (p<0.001) 

Radial 

Pulses 

Manual 

Doppler 

0.64  (0.19,2.14) 

0.96  (0.21,4.30)* 

0.472 

0.932* 

AGB  (p-0.040) 

Peaoral 

Pulses 

Manual 

1.21  (0.63,2.31) 

0.562 

AGZ  (p<0.001) 
CBOL/BLL  (p-0.010) 
XBPAT  (p<0.001) 
DIPC0BT  (p-0.002) 

Doppler 

1.74  (0.48,6.31) 

0.401 

AGE  (p-0.001) 

CSNQK  (p-0.001) 
CBOL/RDL  (p-0.042) 

Popliteal 

Pulses 

Manual 

**** 

**** 

AGE  (p-0.003) 
PAOCTl  (p-0.005) 
CBOL/RDL  (p-0.011) 
GRP*RACE  (p-0.038) 

Doppler 

1.50  (0.58,3.91) 

0.401 

AGE  (p<0.001) 

RACE  (p-0.023) 
CSM0K  (p<0.001) 

Dorsalis 

Pedis 

Pulses 

Manual 

it*** 

AGE  (p-0.004) 

DBm  (p-0.038) 
GRP*OCC  (p-0.046) 

Doppler 

1.07  (0.87,1.31) 

0.533 

AGS  (p-C.004) 

RACE  (p-0.006) 
XBPAT  (p-0.003) 
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TO LB  13-11.  (continued) 


Adjusted  Analysis  for  Peripheral  Vascular  Function  by  Group 

(Diabetics  Excluded)* 


Variable 

Statistical/ 

Clinical 

Analysis 

AdJ.  Relative 

Risk  (95*  C.Z.) 

p-Value 

Covarlata 

Remarks** 

Posterior 

Tibial 

Pulses 

Manual 

**** 

AGE  (p<0.001) 

RACE  (p<0.001) 
PACKTR  (p-0.007) 
GRP*0CC  (p-0.017) 

Doppler 

0.9A  (0.30,1.77) 

0.8A9 

AGE  (p<0.001) 

RACE  (p-0.002) 

CSM0K  (p-0.007) 
CHOL/HDL  (p-0.013) 

Leg  Pulses 

Manual 

MM 

###* 

AGE  (p<0.001) 
GEP*OCC  (p-0.016) 
GRP*XBFAT  (p-0.034) 

Doppler 

1.06  (0.87,1.30) 

0.349 

AGE  (p-0.001) 

RACE  (p-0.029) 

XBFAT  (p-0.006) 

Peripheral 

Pulses 

Manual 

**** 

**** 

AGE  (p<0.001) 

XBFAT  (p-0.018) 
GRP*OCC  (p-0.033) 

Doppler 

1.06  (0.87,1.30) 

0.362 

AGS  (p-0.001) 

XBFAT  (p-0.006) 

All  Pulses 

Manual 

**** 

**** 

AGS  (p<0.00l) 

XBFAT  (p-0.022) 
GRP^OCC  (p-0.036) 

Doppler 

1.06  (0.86,1.29) 

0.603 

AGE  (p-0.001) 

XBFAT  (p-0.006) 


♦Soae  adjusted  analyses  did  not  explore  effects  of  all  covariates  due  to 
sparse  number  of  abnormalities  (see  text). 

♦♦Additional  Abbreviations i 

utnihi  drink-years  of alcohol 
aDIFOO>Tt  differential  cortisol. 

‘Difference  in  froup  weans  (Ranch  Hand-Comparison)  and  associated  p-value 
given,  rather  than  relative  risk,  for  continuous  analysis  of  dependent 
variables. 

Unadjusted  for  any  covarlates— saae  results  as  for  unadjusted  analysis. 
♦♦♦♦Group-by-covariate  interaction— relative  risk,  confidence  interval,  and 
p-value  not  presented  (see  Table  M-6  of  Appendix  M). 


The  adjusted  analysis  vas  performed  vith  only  tha  covarlatas  of  age  end 
drink-years  of  alcohol  due  to  the  small  numb- r  of  detected  bruits.  The  • 
results  (Table  13-11)  demonstrate  a  lack  of  significant  group  differences 
(Adj.  HR:  1.03,  95X  C.I.:  0.35,  3.16],  p-0.923).  Both  age  and  drink-years  of 
alcohol  vere  significant  adjusting  variables,  but  no  signify. 'ant  group 
interactions  vere  noted.  The  results  of  the  Ranch  Hand,  Orlgiw&l  Comparison 
group  contrast  vas  also  nonsignificant  (see  Table  M-18  of 
Appendix  H). 


Peripheral  Pulses 

Five  peripheral  pulses  (radial,  feaoral,  popliteal,  dorsalis  pedis,  and 
posterior  tibial)  vere  analysed  usirg  data  assessments  from  both  manual 
palpation  and  Doppler  recordings.  Palpation  data  from  the  examining 
physician  vere  judged  abnormal  if  the  pulse  vas  diminished  or  absent  on 
either  side.  Assessment  of  the  Doppler  data  vas  aore  complex  and  involved 
visual  examination  of  the  vaveform  mor^nology  (pulsatility,  systolic  forvard 
flov,  and  diastolic  reverse  flov)  on  analog  strips  and  Polaroid*  photographs, 
vith  careful  comparison  of  the  laterality  of  results.  Confirmatory 
functional  data  (e.g.,  treadmill,  segmental  pressure  readings)  of  abnormal 
pulses  vere  not  performed.  The  interpretation  of  each  pulse  vas  scored  as 
normal,  mild  impairment,  moderate  impairment,  severe  impairment,  or  total 
occlusion  (for  the  purpose  of  this  analysis,  all  interpretations  other  than 
normal  vere  considered  abnormal).  All  Doppler  measurements  vere  conducted 
vith  a  minimum  of  a  4-hour  abstinence  from  smoking;  compliance  to  the 
nonsmoking  requirement  vas  recorded  by  the  Doppler  technician. 

Besides  analysis  of  each  pulse  as  a  distinct  dependent  variable,  three 
pulse  aggregates  vere  prescribed  for  analysis  in  order  to  maintain  continuity 
vith  the  Baseline  analysis.  The  rationale  of  the  pulse  aggregates  vas  to 
localise  pulse  abnormalities  in  broad  anatomic  categories.  The  aggregates 
vere:  leg  pulses  (feaoral,  popliteal,  dorsalis  pedis,  and  posterior  tibial); 
peripheral  pulses  (radial,  feaoral  popliteal,  dorsalis  pedis,  and  posterio 
tibial);  and  all  pulses  (periphera  pulses  plus  carotid  pulse.r,  the  latter 
assessed  by  only  manual  techniques).  Any  one  abnormal  pulse  in  an  aggregate 
constituted  an  abnormality  for  the  overall  category. 

The  agreement  of  manual  and  Doppler  assessments  vas  tested  by  HcNemar's 
chi-square  test  using  paired  data  vhen  an  individual  vas  compliant  to  both 
examination  procedures.  The  paired  analyses  for  the  radial,  femoral, 
popliteal,  dorsalis  pedis,  posterior  tibial,  leg,  peripheral,  and  all  pulses 
are  displayed  in  Table  13-12.  As  shovn,  the  tvo  methods  of  pulse  assessment 
differed  profoundly  (p<0.001)  for  the  femoral,  popliteal,  dorsalis  pedis,  leg 
pulses,  peripheral  pulses,  and  all  pulses,  but  only  mildly  (p»0.044)  for  the 
posterior  tibial  pulse;  the  methodology  differences  for  the  radial  pulse  vere 
not  significantly  disivrdant  (p-0.149).  Further,  as  shovn  by  the  off- 
diagonal  elements  in  the  specific  pulse  tables,  the  manual  palpation  method 
classified  more  cases  as  abnormal  for  the  feaoral,  popliteal,  and  posterior 
tibial  pulses,  vhereas  the  Doppler  technique  detected  more  abnormalities  for 
the  dorsalis  pedis  pulse,  and  consequently,  the  three  pulse  aggregates. 
Overall,  aore  credence  is  given  to  the  Doppler  results  due  to  the  more 
"objective"  means  of  determining  a  pulse  abnormality. 

The  unadjusted  analyses  of  all  the  pulses  and  pulse  aggregates  by  manual 
and  Doppler  techniques  (Table  15-9)  shoved  that  no  statistically  significant 
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TABUS  15-12 


Ayr— —at  Bat—  Manual  and  Doppler  Pulaa  Assess— nts 
(HcNe— r's  /  T—  t) 


Radial 


DOPPLER 

Normal  Abnormal 


Normal 

MANUAL 

Abnormal 


2,102 

3 

9 

3 

Popliteal 


X2  -  2.08  p-0.149 

DOPPLER 

Normal  Abnormal 


Normal 

MANUAL 

Abnormal 


2,067 

8 

35 

8 

X2  -  15.7  p<0.001 
Posterior  Tlbiax 

DOPPLER 

Normal  Abnormal 


Noraal 

MANUAL 

Abnormal 


2,035 

23 

40 

16 

Peripheral 


X2  -  4.1  p-0.044 

DOPPLER 

Noraal  Abnormal 


Normal 

MANUAL 

Abnormal 


1,455 

— 

347 

139 

172 

Femoral 


DOPPLER 

Nor— 1  Abnormal 


Nor— 1 

MANUAL 

Abnor— 1 


2,072 

3 

38 

6 

X2  -  28.2  p<0.00l 

Dorsalis  Pedis 

DOPPLER 

Nor— 1  Abnor— 1 


Nor— 1 

MANUAL 

Abnor— 1 


1,546 

341 

71 

155 

X2  -  175.6  p<0.001 

DOPPLER 

Nor— 1  Abnor— 1 


Nor— 1 

MANUAL 

Abnor— 1 


1,462 

346 

135 

170 

All 


X2  -  91.7  p<0.001 

DOPPLER 

Nor— 1  Abnormal 


Normal 

MANUAL 

Abnor— 1 


1,454 

347 

138 

173 

X2  -  89.2  p<0.001 


X2  -  88.2  p<0.001 
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group  differences  vere  detected  for  any  pulse  or  pulse  combination  by  either 
technique. 

The  covariate  tests  of  association  for  each  pulse  and  pulse  combination 
by  technique  are  listed  in  Table  15-10.  The  following  paragraphs  describe 
the  results  shown  in  this  table. 

Increased  age  (born  before  1942)  was  significantly  associated  with  a 
higher  proportion  of  pulse  abnormalities  for  the  femoral  pulses  (manual; 
p<0.001),  popliteal  pulses  (Doppler;  p-0.002) *  dorsalis  pedis  pulses  (manual; 
p-0.018),  posterior  tibial  pulses  (manual,  p-0.034;  Doppler,  p-0.003),  leg 
pulses  (manual,  p-O.OOl;  Doppler,  p-0.020),  peripheral  pulses  (manual, 
p<0.001;  Doppler,  p-0.037),  and  all  pulses  (manual,  p<0.001,  Doppler, 
p-0.032).  Age  was  of  borderline  significance  (0.050<p <0.100)  for  femoral 
pulses  (Doppler),  and  for  popliteal  pulses  (manual)  and  dorsalis  pedis  pulses 
(Doppler) . 

Race  was  associated  vith  dorsalis  pedis  pulses  (Doppler,  p-0.001), 
posterior  tibial  pulses  (manual,  p<0.001),  leg  pulses  (Doppler,  p«0.009), 
peripheral  pulses  (Doppler,  p-0.015),  and  all  pulses  (Doppler,  p-0.014),  with 
Blacks  having  a  lover  proportion  of  abnormalities  for  the  dorsalis  pedis, 
leg,  peripheral,  and  all  pulses  than  nonblacks,  but  a  higher  proportion  of 
abnormalities  for  the  posterior  tibial  pulse.  Race  vas  of  borderline 
significance  for  the  Doppler-determined  posterior  tibial  pulses.  Occupation 
vas  significantly  associated  vith  abnormalities  of  the  dorsalis  pedis  pulses 
(Doppler,  p«0.007),  leg  pulses  (Doppler,  p-0.012),  peripheral  pulses 
(Doppler,  p-0.019),  and  all  pulses  (Doppler,  p-0.023),  vith  officers 
uniformly  having  more  abnormalities  than  enlisted  flyers,  who  had  more 
abnormalities  than  enlisted  groundcrev. 

Current  smoking  (cigarettes  per  day)  vas  significantly  associated  vith 
increased  abnormalities  for  the  posterior  tibial  pulses  (manual,  p<0.001; 
Doppler,  p-0.021),  femoral  pulses  (Doppler,  p-0.001),  and  the  popliteal 
pulses  (Doppler,  p<0.001),  despite  the  4-hour  abstinence  prior  to  the  Doppler 
examination.  A  relationship  of  increased  smoking  and  increased  abnormalities 
vas  only  observed  for  the  Doppler  determination  of  the  femoral  and  popliteal 
pulses.  Pack-years  of  smoking  was  significantly  related  to  increased 
abnormalities  vith  popliteal  pulses  (manual,  p*0.001;  Doppler,  p-0.010), 
posterior  tibial  pulses  (manual,  p<0.001.),  femoral  pulses  (Doppler,  p-0.006), 
leg  pulses  (manual,  p-0.031),  peripheral  pulses  (manual,  p-0.028),  and  all 
pulses  (manual,  p-0.023).  Classical  increasing  associations  vere  noted  for 
the  popliteal  pulses  (manual  and  Doppler),  the  posterior  tibial  pulses 
(manual),  and  the  femoral  pulses  (Doppler). 

For  the  related  variables  involving  cholesterol,  the  cholesterol-HDL 
ratio  shoved  the  most  numerous  and  strongest  associations  vith  pulse 
abnormalities.  The  cholesterol-HDL  ratio  vas  significantly  and  positively 
associated  vith  increases  in  manually  determined  radial,  femoral,  and 
popliteal  pulse  abnormalities  (p-0.033,  p<0.001,  and  p-0.002,  respectively); 
however,  other  significant  associations  vith  all  pulses  and  the  leg  and 
peripheral  pulse  indices  revealed  an  inconsistent  pattern  (p-0.012,  p-0.013, 
and  p-0.010,  respectively).  In  addition,  the  ratio  vas  significantly  related 
to  femoral  and  posterior  tibial  pulse  abnormalities,  as  detected  by  the 
Doppler  technique  (p-0.019,  p-0.035,  respectively),  but  the  relationships 
vere  not  uniform  from  lov  to  high  values  of  the  ratio.  HDL  vas  significantly 
associated  vith  manually  determined  pulse  abnormalities  for  femoral,  leg, 


peripheral,  and  all  pulses  (p»0.002,  p»0.013,  p-0.013,  p*0.013,  respec¬ 
tively),  but  in  all  £our  cases,  the  mid-level  category  of  HDL  (greater  than 
40  to  50)  vas  associated  vith  the  lovest  proportion  of  abnormalities. 
Cholesterol  shoved  only  marginally  significant  associations  vith  increased 
abnormalities  of  femoral  pulse  (manual  and  Doppler)  and  posterior  tibial 
pulses  (manual). 

Percent  body  fat  vas  significantly  associated  vith  increases  of  femoral 
pulse  abnormalities  (aanual,  p-0.001);  personality  score  vas  associated  vith 
posterior  tibial  deficits  (Doppler;  p-0.028;  nonlinear  pattern);  and  drink- 
years  of  alcohol  vas  related  to  femoral  pulse  abnormalities  detected  by  both 
methods  (manual,  p<0.001;  Doppler,  p-0.013).  Finally,  in  addition  to 
numerous  other  marginally  significant  associations  (e.g.,  drink-years  and 
posterior  tibial  abnormalities,  Doppler,  p-0.083;  drink-years  and  popliteal 
abnormalities,  manual,  p-0.085),  differential  cortisol  shoved  a  nonlinear 
association  vith  posterior  tibial  pulse  abnormalities  (Doppler,  p»0.074). 

The  distribution  of  each  of  the  covariates  in  the  Ranch  Hand  and 
Comparison  groups  is  presented  in  Table  15-13.  As  noted,  the  distributions 
of  the  three  matching  variables,  age,  race,  and  occupation,  are  nearly 
identical  (p-0.987,  p-0.745,  and  p-0.661,  respectively).  For  current 
smoking,  hovever,  Ranch  Hands  smoke  significantly  more  cigarettes  per  day 
(higher  mean  level)  than  the  Comparisons  (p-0.043)  a  finding  also  observed  at 
Baseline.  Additionally,  the  difference  in  mean  percent  body  fat  vas  of 
borderline  significance  (p«0.074),  vith  a  slightly  higher  average  level  in 
the  Comparison-  group. 

The  results  of  the  adjusted  analyses  for  the  manual  and  Doppler  pulse 
determinations  are  presented  in  Table  15-11.  Due  to  the  small  number  of 
abnormalities,  manual  radial  pulses  vere  adjusted  only  for  age  and  the 
cholesterol-HDL  ratio,  and  Doppler  radial  pulses  vere  not  adjusted  for  *  iy 
covariates.  Similarly,  femoral  Doppler  pulses  vere  adjusted  only  for  age, 
current  smoking,  and  the  cholesterol-fiDL  ratio.  Doppler  popliteal  pulses 
vere  adjusted  only  for  main  covariate  effects,  i.t.,  interactions  vere  not 
examined . 

The  adjusted  analyses  of  all  Doppler-determined  pulse  and  pulse 
aggregate  abnormalities  did  not  disclose  any  significant  differences  betveen 
the  Ranch  Hand  and  Comparison  groups.  Age  shoved  a  consistent  and  profound 
effect  in  all  of  the  adjusted  Doppler  analyses,  vhereas  race,  percent  body 
fat,  and  smoking  vere  significantly  influential  in  about  half  of  the 
analyses,  and  the  cholesterol-HDL  ratio  vas  significant  for  only  tvo  of  the 
pulse  variables.  The  effects  of  these  four  covariates  vere  all  in  the 
expected  (classical)  direction. 

For  the  manual  pulse  readings,  the  adjusted  results  (Table  15-11)  vere 
decidedly  different  from  the  Doppler  analyses,  vith  all  but  the  radial  and 
femoral  pulses  involved  in  significant  group-by-covariate  interactions. 

There  vere  no  significant  group  differences  for  the  radial  and  femoral  pulses 
(p-0.472,  p-0.562,  respectively).  For  manually  determined  popliteal  pulses, 
there  vas  a  significant  group-by-race  interaction  (p-0.038),  vith  Blacks 
having  an  adjusted  relative  risk  of  6.74  (95*  C.I.s  [0.72,63.40],  =0.095)  in 

contrast  to  nonblacks,  vho  had  an  adjusted  relative  risk  of  0.55 
(95*  C.I.:  0.28,1.12]  p»0.099]).  All  significant  group-by-covariate  inter¬ 
actions  are  shovn  in  Table  M-6  of  Appendix  M. 
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TABLE  15-13 


Summary  Statistics  for  Cardiovascular  Covariates  by  Group 


Covariate 


Covariate 

Category 

Ranch  Bond  Comparison 

p-Value 

Percent 

Percent 

Race 

Black 

5.6 

6.0 

Nonblack 

94.4 

94.0 

0.745 

Occupation 

Officer 

37.2 

37.9 

Enlisted  Flyer 

17.3 

15.8 

Enlisted  Groundcrev  45.5 

46.3 

0.661 

Mean  ±  SE 

Mean  t  SE 

Age  (At  Baseline) 

— 

43.57t0.25 

43.57t0.22 

0.987 

Current  Smoking* 

— 

10.50±0.50 

9.19f0.42 

0.043 

Pack-years  Smoking 

— 

12.62tO.52 

12.51f0.48 

0.883 

Cholesterol 

— 

216.8±1.3 

218.1fl.2 

0.463 

HDL 

— 

46.32t0.42 

46.90f0.35 

0.288 

Cholesterol-HDL  Ratio 

4.99f0.05 

4.92f0.04 

0.303 

Percent  Body  Fat 

— 

20.85f0.16 

21.?3+0.14 

0.074 

Personality  Score 

— 

-I.llt0.30 

-1.50t0.26 

0.322 

Differential  Cortisol 

2.31f0.13 

2.46f0  12 

0.398 

Current  Alcohol  Use 

1.23f0.07 

1.28±0.07 

0.611 

(Drinks  per  Day) 

Drink-years  Alcohol 

— 

25.62fl.44 

22.91f0.96 

0.117 

‘Equivalent  cigarettes/day. 

— Covariate  not  categorized  for  ..hese  results. 
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For  the  dorsalis  pedis,  posterior  tibial,  leg,  peripheral,  and  all 
pulses,  significant  group  interactions  vith  occupation  were  detected 
(p«0.046,  p-0.017,  p-0.016,  p-0.033,  and  p*0.936,  respectively).  In  all 
cases,  the  adjusted  relative  risk  was  less  than  one  for  the  officers  and 
greater  than  one  for  the  enlisted  flyers  and  groundcrev.  In  addition,  the 
adjusted  relative  risk  for  enlisted  flyers  vas  consistently  greater  than  the 
risk  for  the  enlisted  groundcrev.  Statistically  significant  associations  by 
pulse,  by  occupational  category,  vere  as  follows:  Posterior  tibia)  pulses  in 
enlisted  flyer,  p-0.032;  leg  pulses  in  officers  (21%  body  fat  level), 
i>«0.026;  peripheral  pulses  in  officers,  p-0.030;  all  pulses  in  officers, 
P-0.03C.  All  other  pulse-occupational  strata  contracts  vere  not  statis¬ 
tically  significant.  As  there  vas  also  a  significant  group  by  percent  body 
fat  interaction  for  leg  pulses  (p-0.034),  each  occupational  category  vas 
analyzed  by  level  of  obesity  (obese,  percent  body  fat  greater  than  25  per¬ 
cent;  nonobese,  percent  body  fat  equal  to  or  less  than  25  percent).  For 
officers,  the  adjusted  relative  risks  vere  less  than  one  for  both  the  obese 
(Adj.  RR:  0.44,  95%  C.I.:  [0.17,  1.12],  p-0.084)  and  the  nonobese  (Adj.  RR: 
0.66,  95%  C.I.:  [0.42,1.04],  p-0.072).  For  enlisted  flyer  personnel,  the 
adjusted  relative  .isks  vere  greater  than  one  for  both  body  fat  categories, 
but  vere  not  statistically  significant.  The  enlisted  groundcrev  manifested 
an  adjusted  relative  risk  of  less  than  1  for  obese  individuals  (Adj.  RR: 

0.91,  95%  C.I.:  [0.39.2.10],  p-0.818),  and  greater  than  1  for  nonobese 
individuals  (Adj.  RR:  1.20,  95%  C.I.:  [0.79,1.83],  p«0.390),  but  also  not 
statistically  significant. 

The  unadjusted  analyses  of  the  man'isl  and  Doppler  pulse  assessaents 
(shown  in  Table  M-17  of  Appendix  M),  using  the  Original  Coaparisons,  did  not 
disclose  any  significant  group  differences.  For  the  Doppler  adjusted 
analyses,  the  results  for  the  Ranch  Hand  versus  Original  Coaparison  contrasts 
vere  siailar  to  those  found  in  the  Ranch  Hand  versus  total  Coaparison  group, 
i.e.,  no  statistically  significant  group  differences  or  group-by-covariate 
interactions. 

For  the  adjusted  manual  pulse  determinations,  hovever,  the  results 
differed  some what  from  the  contrast  of  the  Ranch  Band  versus  total  Coaparison 
group  in  teras  of  the  significant  group-by-covariate  interactions  detected 
(see  Vrbles  H-18  and  M-19  of  Appendix  M).  As  before,  there  vere  no  statis¬ 
tically  significant  group  differences  for  radial  and  feaoral  pulses.  For 
popliteal  pulses,  hovever,  there  vas  a  significant  (p-0.048)  group-by- 
occupation  interaction,  with  an  adjusted  relative  risk  of  less  than  one  for 
the  officers  (p«0.219)  and  greater  than  one  for  the  enlisted  flyers,  although 
not  significantly  so  (p*0.165).  For  dorsalis  pedis  pulses,  there  vere  no 
significant  group  effects  or  interactions,  but  for  posterior  tibial  pulses 
the  results  vere  similar  to  those  found  in  the  contrast  of  the  Ranch  Hands 
versus  the  total  Coaparison  group  analysiF,  i.e.,  a  significant  group-by¬ 
occupation  interaction.  For  the  three  pulse  aggregates,  there  vere 
significant  group-by-occupation  and  group-by-percent  body  fat  interactions 
for  the  leg  pulses  (officers  having  a  risk  less  than  one;  enlisted  flyers  and 
enlisted  groundcrev  having  risks  greater  than  one)  and  significant  group-by¬ 
percent  body  fat  interactions  for  peripheral  pulses  and  all  pulses 
(individuals  vith  low  percent  body  fat  having  adjusted  relative  risks  greater 
than  one,  and  obese  individuals  having  an  adjusted  risk  less  than  one). 


EXPOSURE  INDEX  ANALYSES 


Exposure  index  analyses  vere  conducted  for  the  Ranch  Hand  officer, 
enlisted  flyer,  and  enlisted  groundcrev  cohorts  separately  to  deteraine  if 
any  dose-response  relationships  could  be  idritified.  In  many  cases,  the  data 
vere  too  sparse  to  pernit  statistical  comparisons.  Adjusted  analyses 
included  the  exposure  level  and  only  the  sain  effects  of  age,  race,  pack- 
years  of  saoking,  cholesterol- HDL  ratio,  percent  body  fat,  personality  score, 
differential  cortisol,  and  current  drinks  per  day,  vheuever  appropriate.  (In 
several  instances,  the  stepvise  logistic  modeling  did  not  detect  any  statis¬ 
tically  significant  covariate  effects.  Hovever,  adjusted  best  model  results 
may  differ  slightly  from  the  unadjusted  results  due  to  the  omission  of 
individuals  vith  missing  covariate  information  from  the  adjusted  analysis.) 


Reported  and  Verified  Heart  Disease 

Tabular  results  of  adjusted  exposure  index  analyses  for  reported  and 
verified  heart  disease  are  presented  in  Table  15-14  (unadjusted  exposure 
index  analyses  are  in  Table  K-7  of  Appendix  M).  There  vere  no  statistically 
significant  differences  for  reported  or  verified  essential  hypertension  or 
reported  or  verified  myocardial  infarction  by  exposure  level.  (The  data  on 
myocardial  infarctions  vere  quite  sparse.)  Results  vere  also  negative  for 
reported  and  verified  heart  disease,  except  for  the  enlisted  groundcrev 
cohort,  vhere  the  percentage  of  individuals  vith  reported  or  verified  disease 
vas  lovest  in  :he  medium  exposure  category. 


Central  Cardiac  Function 

Table  15-15  gives  the  adjusted  exposure  results  for  systolic  blood 
pressure  (dichotomized),  heart  sounds,  and  ECG  findings.  The  unadjusted 
exposure  analyses  are  given  in  Table  M-8  of  Appendix  H.  The  only  exposure 
level  effect  reaching  statistical  significance  vas  the  medium  versus  lov 
contrast  for  bradycardia  in  the  enlisted  groundcrev  (p*0.048),  vhere  the 
adjusted  relative  risk  vas  significantly  less  than  one. 

There  vere  borderline  significant  effects,  vith  adjusted  relative  risks 
greater  than  one  for  systolic  blood  pressure  (enlisted  groundcrev,  medium 
versus  lov  exposure)  and  T-vave  findings  (enlisted  flyers,  medium  versus  lov 
contrast).  There  vere  borderline  significant  effects,  vith  relative  risks 
less  than  one  for  T-vave  findings  in  the  enlisted  groundcrev  cohort,  medium 
versus  lov  exposure  (unadjusted  only),  and  high  versus  lov  contrast  (adjusted 
only). 

The  results  for  systolic  blood  pressure  analyzed  as  a  continuous 
variable  shoved  no  statistically  significant  exposure  level  effects,  either 
unadjusted  or  adjusted  for  covariatei.  The  adjusted  medium  versus  lov 
exposure  level  contrast  vas  of  borderline  significance  in  the  enlisted 
groundcrev  (p-0.069).  Age,  percent  body  fat,  and  personality  score  vere 
significant  covariates  in  one  or. more  occupational  strata. 


Adjusted  Exposure  Index  Analyses  for  Reported  and 
Verified  Heart  Disease  by  Occupation 
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TABLE  15-14.  (continued) 
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-Analysis  not  performed  due  to  sparse  cells. 
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Enlisted  Modiuo  vs.  Lov  0.66  (0.29,1.54)  0.342  AGE  (p*3.001) 

Groundcrsv  Blgh  vs.  Lov  0.76  (0.34,1.71)  0.516  PACW1  (p*0.G36) 

DIFC0ET  (p-0.03A) 


TABUS  15-15.  (continued) 
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TABLE  15-15.  (continued) 
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-Aulyaia  not  porfornod  duo  to  aparao  colla 


Peripheral  Tucgltr  System 

There  were  no  significant  dose-response  effects  for  diastolic  blood 
pressure  (dichotomized),  funduscopic  abnormalities,  or  carotid  bruits  (Table 
15-16).  Analysis  of  diastolic  blood  pressure  as  a  continuous  variable  also 
did  not  reveal  any  statistically  significant  exposure  level  effects.  Signif¬ 
icant  covarlates  were  percent  body  fat,  personality  type,  cholesterol-HDL 
ratio,  and  current  alcohol  use. 

Exposure  index  analyses  of  the  peripheral  pulses  did  not  detect  any 
statistically  significant  exposure  effects,  either  unadjusted  (Tables  M-9  and 
H-10  of  Appendix  M  for  the  manual  and  Doppler  pulse  readings)  or  adjusted 
(Tables  15-17  and  15-18). 

Hain-effect  exposure  analyses  of  6  historical  and  verified  heart  disease 
variables,  10  central  cardiac  function  variables,  and  11  peripheral  cardiac 
function  variables  (vith  both  manual  and  Doppler  results),  shoved  no  evidence 
of  a  dose-response  relationship  at  the  follovup  examination.  Tvo  statis¬ 
tically  significant  and  several  borderline  significant  exposure  associations 
lacked  a  pattern  of  dose-response  consistency,  and  appeared  to  be  random  in 
nature. 


Association  of  Cardiovascular  Examination  Findings  With  Verified  Heart 
Disease 


The  central  and  peripheral  cardiovascular  examination  findings  were 
analyzed  together  vith  the  verified  cardiovascular  disease  endpoints  to 
determine  the  degree  of  correlation  between  the  third-year  follovup  exam¬ 
ination  and  the  past  medical  history.  The  results  are  shown  in  Table  M-ll  of 
Appendix  H.  There  vere  highly  significant  associations  betvecn  verified 
essential  hypertension  and  systolic  and  diastolic  blood  pressures,  BCG 
abnormalities,  and  abnormal  fundi  (p<0.001,  <0.001,  <0.001,  0.008, 
respectively).  There  was  also  a  significant  association  betveen  essential 
hypertension  and  abnormal  heart  sounds  (p-0.036),  as  veil  as  a  borderline 
significant  association  betveen  hypertension  and  carotid  bruits  (p*0.080). 

The  frequency  of  verified  essential  hypertension,  however,  vas  not 
significantly  different  in  those  with  and  without  peripheral  pulse 
abnormalities  (as  determined  by  eitner  the  manual  or  Doppler  technique). 

For  verified  heart  disease,  there  vas  a  negative  association  vith 
diastolic  blood  pressure  (p>0.043)  and  positive  associations  vith  ECG 
abnormalities,  heart  sounds,  abnormal  fundi,  and  abnormal  peripheral  pulses 
as  determined  by  the  Doppler  technique  (p<0.001,  p-0.017,  p-0.014,  and 
p-0.007,  respectively).  Finally,  there  vere  significant  positive  associ¬ 
ations  betveen  ECG  and  heart  sound  abnormalities  (p<0.001  for  both)  and  the 
occurrence  o c  a  verified  myocardial  infarction.  The  consistency  betveen  the 
examination  findings  and  the  past  medical  history  provides  support  for  the 
overall  validity  of  the  cardiovascular  measurement  systems,  whether  by  self- 
report,  medical  records,  physician  assessments,  or  objective  determinations 
(e.g.,  ECG). 
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Adjusted  Exposure  Index  Analyses  for  Peripheral  Vascular 
Systsa  Pulse  tendings  by  Occupation 
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TABLE  15-17.  (continued) 
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Enlisted  Mediua  vs.  Lov  0.69  (0.35,1.36)  0.285 

Groundcrev  High  vs.  Lov  0.89  (0.46, 1.75)  0.741 


TABLE  13-17.  (continued) 
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Enlisted  Hediue  vs.  Lov  0.94  (0.54,1.87)  0.818  NONE 

Groundcrev  High  vs.  Lov  1.01  (0.57,1.80)  0.772 


TABLE  15-18.  (continued) 

Adjusted  Exposure  Index  Analyses  for  Peripheral  Vascular 
Systee  Doppler  Pulse  leading  by  Occupation 
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LONGITUDINAL  ANALYSES 


Tvo  cardiovascular  variables,  the  index  o£  all  pulses  (by  palpation)  and 
the  overall  EGG  interpretation,  were  investigated  to  assess  the  longitudinal 
differences  between  the  1982  Baseline  examination  and  tne  1985  followup 
examination.  Both  variables  are  classified  as  abnormal  or  normal.  As  shown 
in  Table  15-19,  2x2  tables  were  constructed  for  each  group  for  each  variable. 
These  tables  show  the  number  of  participants  who  were  abnormal  at  Baseline 
and  abnormal  at  followup,  abnormal  at  Baseline  and  normal  at  followup,  normal 
at  Baseline  and  abnormal  at  followup,  and  normal  at  both  Baseline  and 
followup  examinations.  The  odds  ratio  given  is  the  ratio  of  the  number  of 
participants  vho  vere  normal  at  the  Baseline  and  abnormal  at  the  followup  to 
the  number  of  participants  who  were  abnormal  at  the  Baseline  and  normal  at 
the  followup  (the  "off-diagonal”  elements).  The  changes  in  normal/abnormal 
status  within  each  group  are  contrasted  between  the  Ranch  Hand  and  Comparison 
groups,  and  the  p-value  is  derived  from  Pearson's  chi-square  test  of  the 
hypothesis  that  the  pattern  of  change  in  the  tvo  groups  is  the  same. 


TABLE  15-19. 

Longitudinal  Analyses  of  All  Pulses  index 
and  Overall  BCG's: 

A  Contrast  of  Baseline  and  First  Followup  Examination  Abnormalities 


1982 

1985 

Variable 

Baseline 

Follovup 

Odds* 

p-Value 

Group 

Exam 

Exam 

Ratio  (OR) 

(ORjjj,  vs.  0RC) 

Abnormal  Normal 

All  Pulses 

Ranch  Hand 

Abnormal 

50 

72 

1.44 

(Manual) 

Normal 

104 

743 

0.01 

Comparison 

Abnormal 

40 

63 

2.43 

Normal 

153 

88C 

ECG 

Ranch  Hand 

Abnormal 

36 

192 

0.22 

(Overall) 

Normal 

43 

650 

C.42 

Comparison 

Abnormal 

112 

208 

0.27 

Normal 

56 

763 

*Odds  Ratio: 


Number  Normal  Baseline,  Abnormal  Followup 


Number  Abnormal  Baseline,  Normal  Followup 
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The  data  shoved  a  significant  difference  (p-0.01)  in  the  pulse  index  in 
the  tvo  groups  betveen  examinations.  The  percentage  of  Ranch  Hands  and 
Comparisons  vith  abnormalities  for  the  pulse  index  increased  from  the  Base¬ 
line  examination  to  the  foilovup  examination;  however,  the  Comparison  group 
shoved  a  larger  increase  in  the  proportion  of  pulse  index  abnormalities.  The 
greater  relative  increase  in  the  Comparisons  caused  the  significant  result. 

No  significant  group  differences  vere  detected  betveen  examinations  for 
overall  ECG  abnormalities  (p«0.42). 


DISCUSSION 

In  general,  the  foregoing  analyses  cn  a  vide  range  of  cardiovascular 
variables^  have  shown  a  lack  of  significant  differences  betveen  the  Ranch 
Hands  and  the  Comparisons.  The  sole  exception  was  the  finding  of  increased 
verified  heart  disease  in  the  Ranch  Hands  versus  the  Comparisons  (24£  and 
20Z,  respectively,  p«0.054,  unadjusted;  p«O.03S,  adjusted).  These  results 
vere  not  noted  in  the  Baseline  examination  (p>0.982,  unadjusted).  A  review 
of  the  relative  risk  patterns,  whether  or  not  statistically  significant,  for 
all  of  the  other  cardiovascular  variables  shoved  general  equality,  vith  about 
half  of  the  risks  below  unity  and  half  above.  This  rough  equivalence 
suggests  that,  although  the  Ranch  Hands  have  slightly  more  reported  heart 
disease,  the  finding  is  not  mirrored  by  substantial  and  consistent  clinical 
cardiovascular  defects  at  this  time.  This  observation  should  not  be  lightly 
dismissed,  and  is  cause  fer  continued  doss  surveillance. 

The  most  notable  cardiovascular  finding  at  the  followup  examination 
vas  the  lack  of  significant  peripheral  pulse  abnormalities,  vhich  vere 
unexpectedly  found  at  the  198'’  Baseline  examination  (p-0.05).  The  primary 
contributory  cause  of  the  change  in  prise  significance  from  Baseline  to 
foilovup  vas  probably  the  rigid  4-hour  tobacco  abstinence  required  prior  to 
Doppler  tenting  (due  to  the  known  vasoconstriction  effects  of  nicotine). 
Tobacco  abstinence,  however,  vas  not  a  requirement  for  the  baseline  manual 
pulse  readings.  Although  tobacco  abstinence  vas  not  a  requirement  prior  to 
manual  readings  at  the  followup  examination,  there  vas  general  compliance  to 
the  poking  prohibition,  particularly  if  a  participant's  general  physical 
examination  preceded  the  Doppler  testing.  Therefore  it  might  be  expected 
that  the  manual  readings  would  show  more  pulse  abnormalities  than  Doppler 
testing;  in  fact,  this  vas  the  case  (see  section  on  Peripheral  Pulses). 

Whatever  the  true  cause(s),  the  prevailing  fact  is  that  there  are  no 
longer  significant  group  differences  in  pulse  abnormalities.,  as  noted  by  both 
manual  and  Doppler  techniques,  regardless  of  the  poor  agreement  betveen  the 
tvo  methods. 

The  close  approximation  of  the  estimated  relative  risks  to  unity  for 
practically  all  of  the  cardiovascular  variables  is  clearly  indicative  of 
equivalent  cardiovascular  health  betveen  the  tvo  groups.  Furthermore,  the 
general  similarity  of  the  unadjusted  and  adjusted  result j  vas  suggestive  of 
near  equivalence  of  the  important  cardiovascular  risk  factors  in  the  Fanch 
Hands  and  Comparisons  (see  Table  15-13),  as  veil  as  a  balance  for  unanalyzed 
or  hidden  covariates  of  importance. 

Thes'  -’’th  assessments  of  the  tvo  groups  are  considerably  strengthened 
by  the  al  onsistent,  classical  effects  of  the  covariates  in  this 

chapter.  In  particular,  the  age  effect  vas  uniformly  profound,  affecting 
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almost  all  of  the  dapandant  variablas  In  tha  functional  catagorias  of 
raportad-verified  heart  diseases,  and  central  and  peripheral  vascular 
function.  The  covariates  of  race,  percent  body  fat,  and  cholesterol 
(particularly  the  cholasterol-HDL  ratio),  and  smoking  vara  also  generally 
strong  and  consistent  in  their  affects.  Statistically  significant,  positive 
associations  vare  seen  between  the  current  level  of  saoklng  and  posterior 
tibial,  popliteal,  and  feaoral  pulses,  as  veil  as  borderline  significant 
associations  between  current  seeking  and  other  BCG  diagnoses,  carotid  bruits, 
and  reported  eyocardial  infarctions.  Hovever,  significant  negative  associ¬ 
ations  vere  observed  botveen  current  saoking  and  reported  and  verified 
essential  hypertension.  Pack-years  of  saoking  vas  significantly  positively 
associated  with  several  ECG  variables  and  pulse  assessments,  although  not 
alvays  in  a  consistently  increasing  manner.  There  vas  a  statistically 
significant  and  consistently  increasing  effect  of  pack-years  of  smoking  on 
reported  and  verified  myocardial  infarctions,  but  there  vas  a  negative  asso¬ 
ciation  betveen  pack-years  of  smoking  and  verified  essential  hypertension, 
with  the  greatest  number  of  abnormalities  in  the  zero  pack-year  category. 
Alcohol  vas  infrequently  interactive  vith  the  dependent  variables,  but 
covariate  tests  of  association  generally  revealed  the  classical  pattern  of 
more  cardiovascular  abnormalities  in  the  nondrinking  category  than  in  the  lov 
drinking  category. 

Personality  score,  hovever,  usually  failed  to  demonstrate  the  ^expected" 
aggregation  of  cardiovascular  abnormalities  in  the  Type  A  direction.  In 
fact,  most  associations  vere  in  the  Type  B  direction.  Generally,  only 
cardiovascular  studies  ascertaining  personality  type  by  the  Structured 
Interview  technique  have  shovn  an  association  of  Type  A  personality  (Type 
A-l,  in  particular)  to  heart  disease  endpoints,  and  conversely,  studies  using 
questionnaire  techniques  to  measure  personality  type  have  not  demonstrated, 
the  association.  Lastly,  the  strong  association  betveen  hlstorical-verified 
cardiovascular  events  and  the  specific  dependant  variables  provides  assurance 
that  the  overall  cardiovascular  measurements  have  been  accurate  and  valid. 


SUMMARY  AMD  CONCLUSIONS 

The  cardiovascular  health  of  both  cohorts  vas  assessed  by  collecting  of 
reported  and  record-verified  heart  disease  events;  measurement  of  cancral 
cardiac  function  by  systolic  blood  pressure,  abnormal  heart  sounds,  and 
electrocardiograph  (ECG)  findings;  «wd  evaluation  ot  peripheral  vascular 
function  by  diastolic  blood  pressure,  funduscoplc  examination,  presence  of 
carotid  bruits,  and  detailed  manual  and  Doppler  measurements  of  five  periph¬ 
eral  pulses.  Table  15-20  presents  the  overall  summary  of  the  unadjusted  and 
adjusted  results.  Where  possible,  the  analyses  used  the  covariates  of  age, 
race,  occupation,  percent  body  fat,  cholesterol,  high  density  lipoprotein 
(HDL)  cholesterol,  cholesterol-HDL  ratio,  smoking  history  (pack-years  and 
current  saoking  level),  alcohol  history  (drink-years  and  current  drinking 
level),  personality  score,  and  differential  cortisol. 

The  cardiovascular  variables  did  not  reveal  significant  group 
differences,  vith  the  exception  of  verified  heart  disease,  for  which  the 
proportions  of  recorded  cardiac  events  vere  24  and  20  percent  in  the  Ranch 
Hand  and  Comparison  groups,  respectively,  (p-0.054  unadjusted,  p-0.036 
adjusted).  This  finding  vas  not  reinforced  by  results  of  individual 
questionnaire  or  examination  variables  shoving  impairment  in  the  Ranch  Hands. 
There  vas  a  remarkable  balance  in  relative  risks  above  and  below  unity 
betveen  the  groups. 
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TABLE  15-20 


Overall  Su—ary  Results  of  Unadjusted  and  Adjusted  Analyses 
Cardiovascular  Variables 


Statistical/ 

Variable  Clinical  Analysis  Unadjusted  Adjusted 


Historical  and  Verified  Heart  Disease 


Reported  Hypertension 

NS 

NS 

Verified  Hypertension 

NS 

NS 

Reported  Heart  Disease* 

NS 

NS„ 

Verified  Heart  Disease* 

NS* 

Sb 

Reported  Hear-.  Attack 

NS 

NS 

Verified  Heari  Attack 

NS 

NS 

Central  Cardiac  Function 

Systolic  Blood  Pressure 

Discrete 

NS 

NS 

Continuous 

NS 

Heart  Sounds 

NS 

NS 

Elect rocardiograa  (Overall) 

NS 

**** 

ECG:  RBBB 

NS 

NS 

ECG:  LBBB 

... 

N/A 

ECG:  Nonspecific  T-Vave  Changes 

NS 

NS 

ECG:  Bradycardia 

NS 

NS 

ECG:  Tachycardia 

— 

N/A 

ECG:  Arrhythmia 

NS 

**** 

ECG:  Other  Diagnoses 

NS 

NS 
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TABUS  15-20.  (continued) 


Overall  Sunary  Results  of  Unadjusted  and  Adjusted  Analyses 
Cardiovascular  Variables 


Statistical/ 

Variable  Clinical  Analysis  Unadjusted  Adjusted 


Peripheral  Vascular  Function 


Diastolic  Blood  Pressure 

Discrete 

NS 

NS 

Continuous 

NS 

NS 

Funduscopic  Exanination 

NS 

NS 

Carotid  Bruits 

NS 

NS 

Radial  Pulses 

Manual 

NS 

NS 

Doppler 

NS 

NS 

Fenoral  Pulses 

Manual 

NS 

NS 

Doppler 

NS 

NS 

Popliteal  Pulses 

Manual 

NS 

**** 

Doppler 

NS 

NS 

Dorsalis  Pedis  Pulses 

Manual 

NS 

•kith* 

Doppler 

NS 

NS 

Posterior  Tibial  Pulses 

Manual 

NS 

★*** 

Doppler 

NS 

NS 

Leg  Pulses 

Manual 

NS 

Doppler 

NS 

NS 

Peripheral  Pulses 

Manual 

NS 

**** 

Doppler 

NS 

NS 

All  Pulses 

Manual 

NS 

**** 

* 

Doppler 

NS 

NS 

NS:Not  significant  (p>0.10)» 

NS*: Bordet line  significant  (0.05<p<0.10). 

****Gr oup-by-covar ia t e  interaction. 

‘Excluding  hypertension. 

bRH>C  (Adj.  RR:  1.25*,  95X  C.I.:  (1.02,  1.54J,  p-0.036). 
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Other  related  analyse*  shored  an  absence  of  significant  group  differ¬ 
ence*  in  reported  or  verified  hypertension,  reported  or  verified  heart 
attacks,  and  reported  heart  disease.  There  vaa  good  correlation  betveen  the 
verified  cardiovascular  history  and  the  central  and  peripheral  cardiovascular 
abnoraali ties  detected  at  the  physical  examination,  supporting  accuracy  and 
validity  of  the  cardiovascular  measurements. 

The  adjusted  analyses  of  central  cardiac  function  disclosed  a  signifi¬ 
cant  group-by-age  interaction  involving  systolic  blood  pressure  in  the  Black 
cohort,  vith  a  naan  systolic  blood  pressure  greeter  in  the  Bench  Banda  than 
the  Comparisons  at  younger  age  levels,  but  a  lover  seen  pressure  at  the  older 
ages;  the  group-by-age  interaction  vas  not  significant  in  the  nonblack 
cohort.  Additionally,  there  vas  a  significant  group- by-pack-years  of  saoklng 
interaction  for  the  overall  BCG  findings,  and  significant  group-by-pack-years 
of  saoking  and  group- by-percent  body  fat  interactions  for  arrhythmia,  but 
they  all  generally  pointed  to  lever  adjusted  relative  risks  in  the  Ranch 
Hands. 

In  the  analysis  of  peripheral  vascular  function,  no  significant  group 
differences  vere  observed  for  abnoraali ties  Involving  radial,  feaoral, 
popliteal,  posterior  tibial,  dorsalis  pedis,  or  three  anatomic  aggregates  of 
these  pulses,  either  by  manual  palpation  or  Doppler  techniques.  This  overall 
finding  vas  in  distinct  contrast  to  the  1982  Busline  examination,  vhlch  by 
the  manual  palpation  method,  shoved  significant  peripheral  pulse  deficits  in 
the  Ranch  Hands.  This  favorable  pulse  reversal  over  the  tvo  examinations  is 
primarily  attributed  to  the  rigid  4-hour  tobacco  abstinence  applied  prior  to 
Doppler  testing,  although  other  factors  nay  be  related.  The  lack  of  group 
differences  for  pulse  abnormalities  vas  noted  even  though  the  manual  and 
Doppler  techniques  differed  significantly  (p<0.05,  p<0.001  for  most)  in  the 
detection  of  abnormalities  for  all  but  on*  of  the  pulses  or  pulse 
combinations. 

For  manually-determined  pulse  abnormalities,  there  vas  a  significant 
group-by-race  Interaction  for  the  popliteal  pulses,  a  significant  group-by 
percent  body  fat  Interaction  for  the  leg  pulses,  and- significant  group-by- 
occupatiou  interactions  for  the  posterior  tibial,  dossils  pedis,  and  the 
three  puls*  aggregates  (leg,  peripheral,  and  all  pulses).  No  interactions 
vere  encountered  in  the  adjusted  analyses  of  the  Doppler  results,  and  none 
shoved  significant  group  differences. 

Statistical  analyses  involving  the  Original  Comparisons  also  shoved  no 
significant  differences  in  the  cardiovascular  measurements  betveen  groups, 
although  slightly  different  interactions  vere  detected  in  some  of  the 
adjusted  analyses. 

For  the  exposure  analyses,  the  only  statistically  significant  effects 
vere  thore  pointing  to  less  bradycardia  and  less  reported  and  verified  heart 
disease  in  the  medium  exposure  level  category,  as  contrasted  to  the  lov 
exposure  category,  among  the  enlisted  groundcrev.  In  many  cases  there  vere 
too  fev  abnormalities  vithin  the  occupational  categories  to  permit  formal 
statistical  tests.  Overall,  the  exposure  analyses  vere  deemed  as  unsup- 
portive  of  any  meaningful  dose-response  relationships. 

The  longitudinal  analysis  of  the  pulse  index  confirmed  the  significant 
difference  in  the  change  in  the  pattern  of  results  from  the  Baseline  exam¬ 
ination  to  the  follovup  examination,  largely  due  to  a  relatively  greater 
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incntsi  of  puls*  abnormalities  in  the  Comparison  group  than  in  the  Ranch 
Hand  group.  Thera  vas  no  significant  change  in  pattern  between  the  tvo 
groups  in  overall  BCG  findings  between  examinations. 

There  vas  a  similar  distribution  of  the  covarlates  between  groups, 
except  for  a  slightly  higher  level  of  current  Ranch  Hand  smoking  (also 
observed  at  Baseline),  and  a  corresponding  slightly  lower  naan  percent  body 
fat.  The  general  covariate  effects  were  strong  and  showed  expected, 
classical  associations  with  the  cardiovascular  measurements.  However, 
unexpected  effects  vere  consistently  noted  for  personality  score,  with  higher 
proportions  of  various  cardiovascular  abnormalities  associated  with  scores  in 
the  Type  B  direction,  a  finding  possibly  attributable  to  the  method  of  per¬ 
sonality  determination.  Nonetheless,  the  repeated  demonstration  of  classical 
covariate  associations  with  cardiovascular  pathology  lends  considerable 
credence  to  the  quality  of  the  data.  Although  smoking  was  positively 
associated  vith  many  of  the  cardiovascular  measurements,  negative 
associations  were  seen  between  current  smoking  and  reported  and  verified 
essential  hypertension  and  between  pack-years  of  smoking  and  verified 
hypertension. 

In  conclusion,  of  27  cardiovascular  variables,  only  one,  verified  heart 
disease,  showed  a  significant  excess  in  the  Ranch  ?«**£.  but  this  finding  was 
largely  unsupported  by  other  cardiac  measurements.  Both  manual  palpation  and 
Doppler  recordings  of  five  peripheral  pulses  vere  similar  in  both  groups,  in 
marked  contrast  to  the  1982  Baseline  examination  which  found  significant 
pulse  deficits  in  the  Ranch  Hand  group.  This  change  at  the  followup  exam¬ 
ination  vas  most  likely  due  to  required  tobacco  abstinence  prior  to  the  pulse 
measurements.  Exposure  index  analyses  did  not  support  a  consistent  dose- 
response  relationship  for  any  variable.  Overall,  there  vas  remarkable 
similarity  in  the  cardiovascular  health  betveen  the  Ranch  Hand  and  Comparison 
groups . 
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CHAPTER  16 


HEMATOLOGICAL  EVALUATION 


INTRODUCTION 

Although  direct  impairment  of  the  hematopoietic  system  may  result  from 
exposure  to  chlorophenols  or  dioxin,  marked  abnormalities  in  many  of  the 
circulating  hematological  elements  may  also  be  dut  to  the  severe  and  ofton 
endstage  toxicity  observed  in  other  organs  or  organ  systems.  Animal 
experiments  have  confirmed  both  direct  and  indirect  hematopoietic  effects  of 
TCDD.  In  a  chronic  lov-dose  feeding  study  of  TCDD  in  eight  monkeys, 
decreased  hemoglobin  and  hematocrit  values  vere  noted  at  the  6-month  nark  in 
all  animals.  Pour  of  these  monkeys  expired  in  7  tc  11  months  and  all  had 
anemia,  leukopenia,  and  thrombocytopenia.  Necropsy  of  three  sacrificed 
animals  at  l  year  shoved  multi-organ  pathology  including  bone  narrov 
degeneration,  atrophy  of  lymphopoietic  tissue,  and  numerous  hemorrhages  in  a 
variety  of  organs.  In  another  monkey  experiment,  using  single  lov  and  high 
doses  of  TCDD,  early  hematological  effects  included  increased  neutrophil 
counts  in  the  lov-dose  group  and  lymphopenia  and  thrombocytopenia  in  the 
high-dose  group.  At  the  end  of  the  experiment,  half  the  sternal  bone-marrow 
samples  revealed  a  decrease  in  overall  cellular ity  and  an  increase  in  the 
ayeloid-erythroid  cell  ratio. 

Rat  experiments  vlth  TCDD  demonstrated  relatively  consistent  results. 

One  study  revealed  elevated  erythrocyte,  reticulocyte,  and  neutrophil  counts 
vith  depressed  values  for  the  mean  corpuscular  volume,  mean  corpuscular  hemo¬ 
globin,  platelet  counts,  and  clot  retraction  times.  The  authors  attributed 
most  of  these  effects  to  terminal  dehydration  and  nonspecific  toxicity. 
Another  rat  study  using  gavage  doses  of  TCDD  varying  from  0.001  to  1.0  ug/kg 
demonstrated  depressed  red  blood  cell  counts  and  packed  cell  volumes  in  the 
high-dose  group.4  In  a  mixed-do3e  regimen  using  rats,  mice,  and  guinea  pigs, 
doso-related  decreases  in  lymphocyte  and  leukocyte  numbers  vere  observed  in 
nice  and  guinea  pigs  vithin  1  veelt  folloving  TCDD  administration.  Thrombo¬ 
cytopenia  and  henoconcentration  vere  found  in  rats.  Because  of  the  lympho¬ 
penia  in  mice  and  guinea  pigs,  TCDD  vas  judged  to  bo  immunosuppressive. 

In  general,  human  observational  studies  shoved  fever  and  less  consistent 
hematological  findings  than  the  structured  animal  experiments.  A  case  report 
of  2,4-D  intoxication  vith  marked  neurological  findings  described  transient 
bone  marrov  depression  vith  peripheral  leukopenia  and  granulocytopenia.  In 
tvo  industrial  accidents  involving  significant  contamination  vith  TCDD  and 
resulting  cases  of  chloracne,  only  temporary  depression  of  peripheral 
leukocyte  and  lymphocyte  formation  vas  observed.7' 

Tvo  contemporary  indepth  morbidity  studies9, 10  of  the  Nitro,  West 
Virginia,  accident  included  routine  clinical  complete  blood  counts  and  dif¬ 
ferential  counts,  and  hemoglobin  and  hematocrit  determinations.  Though  these 
studies  shared  overlapping  study  cohorts,  they  did  not  report  any  of  the 
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he  itolo^i'  al  results  in  their  publications;  presumably,  there  vere  no 
si^nifis.  >nt.  differences  in  any  of  the  parameters  between  the  exposed  and  the 
unsxposed  cohorts. 

The  two  pilot  studies  of  TCDD-contaminated  residential  areas  in  Missouri 
also  included  routine  hematological  assays  of  peripheral  blood.  '  One 
study  paradoxically  noted  a  significantly  increased  mean  platelet  count  in 
the  high-risk  group,  although  the  data  vere  not  adjusted  for  smoking.  The 
Quail  Run  study,  predominantly  emphasizing  cell-mediated  immunity,  found 
significant  group  differences  in  the  mean  leukocyte  count,  mean  absolute 
granulocyte  count,  and  the  mean  percentage  of  monocytes  in  the  differential 
count.  Unfortunately,  the  authors  neglected  to  identify  the  group  (exposed 
or  unexposed)  that  had  the  abnormal  hematological  findings,  however ,  the 
finding  of  a  significantly  higher  proportion  of  individuals  vith  white  blood 
cell  counts  exceeding  10,000/eun  was  in  the  exposed  group. 


Baseline  Summary  Results 

A  number  of  static  ’ly  significant  group  differences  and  interactions 
emerged  in  the  analysis  or  the  1982  Baseline  examination.  The  Ranch  hand 
group  had  a  significantly  higher  adjusted  mean  red  blood  cell  corpuscular 
volume  and  corpuscular  hemoglobin  value  than  the  Comparison  group  (p«0.05, 
p-0.04,  respectively),  although  the  magnitude  of  the  difference  was  small  in 
each  case.  The  Ranch  Hand  adjusted  mean  '•■slues  for  six  other  parameters, 
i.e.,  red  blood  cell  count,  white  blood  cell  count,  hemoglobin,  hematocrit, 
rata.1  cnrpuscuia  hemoglobin  concentration,  and  platelet  conn.,  were  nearly 
identical  to  the  adjusted  means  of  the  Comparison  group,  and  all  vere  veil 
within  normal  range.  Similarly,  the  percent  of  abnormal  values  for  these 
eight  variables,  as  established  by  the  tapper  and  lover  limits  of  normal,  did 
not  vary  by  group. 

Linear  models  demonstrated  the  profound  effect  of  smoking,  as  measured 
in  pack-years.  Vith  increased  smoking,  vhite  blood  cell,  hemoglobin,  hema¬ 
tocrit,  mean  corpuscular  volume,  mean  corpuscular  hemoglobin,  and  platelet 
values  increased,  whereas  the  mean  corpuscular  hemoglobin  concentration 
shoved  a  significant  negative  association  vith  smoking.  The  red  blood  cell 
count,  revealed  a  borderline  significant  negative  relationship  to  smoking.  No 
statistically  significant  group-by-smoking  interactions  vere  detected. 

The  e?visure  index  analyses  conducted  vithin  the  Ranch  Hand  group  dis¬ 
closed  two  statistically  significant  exposure-level  effects  as  veil  as  seven 
significant  or  borderline-significant  txposure-Ievel-by-smoking  interactions. 
In  the  officer  coho  ,  the  percentage  of  m*an  corpuscular  hemoglobin  abnor¬ 
malities  increased  vith  increasing  exposure  level.  The  high-exposure  group 
also  had  the  highest  percentage  of  mean  corpuscular  hemoglobin  concentration 
abnormalities.  No  significant  associations  vere  found,  however,  in  the 
enlisted  flyer  or  enlisted  groundcrcv  cohort.  Five  interactions  involved  a 
decreasing  association  (gradient  of  slopes)  betveen  the  hematological  measure 
and  pack-years  of  smoking  with  increasing  exposure  level,  one  showed  an 
increasing  association  vith  increasing  exposure  level,  and  one  was  uninter¬ 
pretable.  Tne  report  concluded  that  the  overall  statistical  findings  vere 
somevr_.it  consistent  among  themselves,  and  that  medical  morbidity  was  not 
signi fcicant. 
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Parameters  of  the  1985  Hematological  Evaluation 


The  1985  hematological  assessment  was  identical  to  the  1982  Baseline 
evaluation.  The  eight  hematological  variables  vere  red  blood  cell  count 
(RBC),  white  blood  cell  count  (VBC),  hemoglobin  (HGB),  hematocrit  (HOT),  mean 
corpuscular  volume  (MCV),  moan  corpuscular  hemoglobin  (MCE),  mean  corpuscular 
hemoglobin  concentration  (MCHC),  and  platelet  count  (PLT);  these  variables 
vere  determined  by  routine  hematological  procedures.  The  normal  ranges  of 
the  SCRP-determ4vied  values  differed  somewhat  from  those  employed  in  1982  by 
the  Kelsey-Seybold  Clinic. 

As  before,  the  analysis  of  the  hematological  data  included  the 
covariates  of  age,  race,  occupation,  and  smoking.  Updated  and  more 
comprehensive  smoking  data,  in  terms  of  pack-years  and  current  smoking 
(including  cigar-  and  pipe-smoking),  vere  used  in  most  analyses. 

Excluded  vere  three  individuals  with  fever  at  the  time  of  examination 
(two  Ranch  Hands  and  one  Comparison).  Hematological  variables  in  the 
continuous  form  vere  analyzed  by  gene  J  linear  models  adjusting  for  age, 
race,  occupation,  and  smoking.  The  hematological  data,  trichotomized  as 
abnormally  lov,  normal,  or  abnormally  high,  vere  subjected  to  log-linear 
(logit)  analysis,  adjusted  for  the  same  covariates.  Minor  differences  in  the 
table  totals  vithin  this  chapter  reflect  rare  missing  data  for  either  the 
dependent  variables  or  the  covariates.  Parallel  analyses  using  Original 
Comparisons  can  be  found  in  Tables  N-4  through  N-9  of  Appendix  N. 


RESULTS  AND  DISCUSSION 


General 


Eight  hematological  assays  vere  performed  on  peripheral  blood  specimens 
obtained  from  all  participants  on  the  first  day  of  the  physical  examination. 
Table  18-1  lists  the  assays,  the  abbreviations  used  in  this  chapter,  the  SCRF 
laboratory  normal  range  for  each  assay,  and  the  required  laboratory  coeffi¬ 
cient  of  variation  for  each  assay.  The  SCRF  laboratory  norms  varied  to  some 
extent  from  the  values  used  at  the  Baseline  examination  (see  pages  XVI-3-1, 
■Baseline  Report).  The  SCRF  laboratory  coefficients  of  variation  met  or 
exceeded  contract  isquirements  and  vere  uniformly  achieved  due  to  the 
precision  of  the  Coulter  5-Plus  automated  instrument,  in  conjunction  with 
rigorous  FIR  CUSUM  quality  control  techniques  (see  Chapter  6). 

The  overall  precision  in  the  laboratory  aspects  of  the  hematological 
assays-  is  reflected  in  the  analytic  ability  to  discern  minute  mean  shifts 
between  groups.  Representative  statistical  pover  statements  are  as  follovs. 
Sample  sizes  vere  sufficiently  large  to  detect  a  0.87  percent  mean  shift  in 
RBC  and  a  2.5  percent  mean  shift  in  PLT  values  using  an  a  -level  of  0.05  (tvo- 
sided)  and  a  pover  of  0.80.  Further,  the  sample  sizes  vere  sufficient  to 
detect  a  1.66-fold  increase  in  the  frequency  of  abnormal  values  for  RBC,  and 
a  1.96-fold  increase  in  the  frequency  of  abnormal  values  for  PLT,  with 
80  percent  certaintv. 


16-3 


TABLE  16-1 


Laboratory  Parameters  for 
Beaatclogical  Test  Variables 


Contract 
Required 
Coefficient  of 

SCRF  Laboratory  Variation 

Hematological  Test  Abbreviation  Normal  Range  (in  percent) 


Red  Blood  Cell  Count 

RBC 

4. 3-5. 9  million/cubic  mm 

2.0 

White  Blood  Cell 

Count 

WBC 

4.5-11.0  thousand/cubic  mm 

2.5 

Hemoglobin 

HGB 

13.9-16.3  grams/100  ml 

1.1 

Hematocrit 

HCT 

39.0-55.0  ml/ 100  ml 

3.0 

Mean  Corpuscular 

Volume 

MCV 

80.0-97.0  cubic  micra 

2.0 

Mean  Corpuscular 

Hemoglobin 

MCH 

26.0-34.0  micromicrogram 

2.0 

Mean  Corpuscular 
Concentration 

Hemoglobin 

MCHC 

31.0-37.0  percent 

2.0 

Platelet  Count 

PLT 

130-400  thousand/cubic  mm 

3.5 

The  statistical  analyses  in  this  chapter  are  presented  in  the  following 
order:  unadjusted  tests,  covariate  tests  of  association,  adjusted  analyses, 
exposure  analyses,  and  longitudinal  contrasts.  A  variable-by-variable  dis¬ 
union  summarizes  all  of  the  analyses,  and  representative  exposure  analyses 
are  also  presented.  Group-by-covariate  interactions  are  narratively  pre¬ 
sented,  and  illustrated  by  calculating  Ranch  Hand-Comparison  differences  at 
selected  covariate  levels.  The  interaction  data  tables  are  found  in 
Tables  N-2  and  N-3  of  Appendix  N. 


Unadjusted  Categorical  Analyses 

Data  from  the  eight  hematological  variables  were  categorized  as 
abnormally  lov,  normal,  or  abnormally  high  according  to  the  SCRF  laboratory 
norms  cited  in  Table  16-1.  The  frequency  distribution  of  these  discretized 
data  is  presented  by  group  in  Table  16-2.  As  shovn,  there  vere  no  statis¬ 
tically  significant,  or  even  marginally  significant,  differences  betveen  tie 
groups.  Only  one  abnormal  MCHC  value  was  found  among  all  study  participants. 
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TABLE  16-2 


Unadjusted  Categorical  Analyses  for  Hematological  Variables  by  Group 


Abnormally  Lov  .  Normal  Abnormally  High 


Variable  Group 

Number 

Percent 

Number 

Percent 

Number 

Percent 

Total 

p-Value* 

RBC 

Ranch  Hand 

30 

3.0 

976 

96.2 

8 

0.8 

1,014 

0.910 

Comparison 

42 

3.2 

1,239 

95.9 

11 

0.8 

1,292 

VBC 

Ranch  Hand 

45 

4.4 

906 

89.4 

62 

6.1 

1,013 

0.883 

Comparison 

63 

4.9 

1,149 

80.9 

80 

6.2 

1,292 

HGB 

Ranch  Hand 

39 

3.8 

752 

74.2 

223 

22.0 

1,014 

0.848 

Comparison 

44 

3.4 

960 

74.3 

288 

22.3 

1,292 

HCT 

Ranch  Hand 

11 

1.1 

1,001 

98.7 

2 

0.2 

1,014 

0.999 

Comparison 

15 

1.2 

1,274 

98.6 

3 

0.2 

1,292 

MCV 

Ranch  Hand 

10 

1.0 

857 

84.5 

147 

14.5 

1,014 

0.992 

Comparison 

13 

1.0 

1,094 

84.7 

185 

14.3 

1,292 

HCH 

Ranch  Hand 

7 

0.7 

943 

93.0 

64 

6.3 

1,014 

0.755 

Comparison 

7 

0.5 

1,211 

93.7 

74 

5.7 

1,292 

MCHC 

Ranch  Hand 

1 

0.1 

1,013 

99.9 

.  0 

0.0 

1,014 

__ 

Comparison 

0 

0.0 

1,292 

100.0 

0 

0.0 

1,292 

PLT 

Ranch  Hand 

5 

0.5 

987 

97.4 

21 

2.1 

1,013 

0.828 

Comparison 

3 

0.2 

1,264 

97.9 

24 

1  9 

1,291 

*Chi- 

-square  test, 

2  d.f., 

except 

for  HCT  and  PLT  vhich  were 

obtained 

from 

continuity  adjusted  chi-square  tests  on  1  d.f.  (Abnormally  high  category 
pooled  with  normal,  and  abnormally  lov  category  pooled  vith  normal  for  HCT 
and  PLT,  respectively.) 

—Only  one  abnormal  MCHC  value;  p- value  not  given. 


Unadjusted  Analyses  of  Continuous  Data 


Th«  unadjusted  tests  of  group  means  from  the  continuous  data  for  the 
eight  variables  are  displayed  in  Table  16-3.  The  variables  VBC  and  PLT  were 
analyzed  in  Jogarithmic  units  because  of  their  right-skewed  original  dis¬ 
tributions.  Antilog  values  of  the  means  are  given  for  ease  of  interpretation 
but  their  standard  error  or  variance  terms  are  consequently  omitted  since  the 
relevance  of  these  terras  pertains  only  to  the  logarithmic  scale.  The  sample 
sises  were  1,014  for  the  Ranch  Hand  group  and  1,292  for  the  Comparisons, 
except  for  VBC  (Ranch  Hands,  1,013;  Comparisons,  1,292)  and  PLT  (Ranch  Hands, 
1,013;  Comparisons,  1,291).  As  shown  in  Table  16-3,  there  were  no 
statistically  significant  group  differences  betveen  the  unadjusted  means  of 
each  variable. 


TABLE  16-3. 

Unadjusted  Continuous  Analyses)  for 
Hematological  Variables  (Contrast  of  Group  Means) 


Group  Mcan±SE 


Variable  Ranch  Hand 

Comparison 

Difference 
±SE  t- 

Statistic 

p-Value 

RBC 

4.964±0.012 

4.982±0.010  ' 

-0.019±0.016 

-1.19 

0.233 

VBC* 

7.003 

6.891 

— 

1.34 

0.182 

HGB 

15.624±0.033 

15.626±0.029 

-0.002±0.044 

-0.05 

0.958 

HCT 

45.904±0.097 

45.952±0.083 

-0.048±0.127 

-0.38 

0.703 

MCV 

92.596±0.150 

92.346±0.132 

0.250±0.200 

1.25 

0.210 

MCH 

31.544±0.055 

31.431±0.049 

0.113±0.074 

1.53 

0.125 

MCHC 

34.040t0.021 

34.009±0.017 

0.031±0.027 

1.17 

0.243 

PLT* 

265.2 

263.0 

0.96 

0.337 

* Means  transformed  from  log  scale. 

— Difference  and  standard  errors  (SE)  not  presented,  since  variables  vere 
analyzed  on  logarithmic  scale.. 


Pgggtot  Variable  and  Covariate  Relationships 


The  data  froB  tha  Ranch  Hand  and  Conparison  groups  vara  poolad  for  aach 
of  tha  eight  heaatological  variables  and  analyzed  indapendantly  with  tha 
covariatas  of  aga  (born  in  or  after  1942,  born  before  1942),  race  (Black, 
nonblack),  occupation  (officer,  enlisted  flyer,  enlisted  ground crew),  and 
smoking  history  (0  pack-years;  greater  than  0  to  10  pack-years;  and  greater 
than  10  pack-years).  These  analyses  are  suaaarised  in  teras  of  statistical 
significance  (p-values)  in  Table  16-4.  As  noted,  each  of  the  dependent 
variables  vas  substantially  affected  by  one  or  aore  of  the  covariates.  The 
exact  nature  of  the  covariate  influence,  e.g.,  directionality,  significance, 
consistency  across  related  variables,  is  presented  in  the  variable-by¬ 
variable  discussion  section.  Covariate  effects  were  also  aralyzed  in  con¬ 
tinuous  fora  vith  the  use  of  linear  regression  aodels  (see  Table  16-6  and 
discussion  following).  In  addition,  covariate  distributions  were  examined 
between  groups  (see  Table  N-l  of  Appendix  N). 


TABLE  16-4. 

Association  Between  Heaatological  Variables 
and  Age,  Race,  Occupation,  and  Saoking  History 
in  the  Combined  Ranch  Band  and  Coaparison  Groups 


Variable 

Age 

Race 

Occupation 

Saoking  History 

RBC 

0.010 

<0.001 

NS 

NS 

VBC 

NS* 

<0.001 

0.001 

<0.001 

HGB 

NS 

0.002 

<0.001 

o.oo; 

HCT 

NS 

<0.001 

NS 

NS 

MCV 

<0.001 

<0.001 

0.004 

<0.001 

MCH 

<0.001 

<0.001 

0.003 

<0.001 

MCHC 

— 

— 

— 

— 

PIT 

NS 

NS 

NS 

0.004 

KS:  Not  significant  (p>0.10). 

NS*:  Borderline  significant  (0.05<p£0.10). 
— Not  analyzed  due  to  sparse  data. 
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Adjusted  Categorical  Analyses 

Log-linear  (logit)  models  for  each  of  the  hematological  variables  vere 
fit  to  adjust  for  age,  race,  occupation,  and  smoking  history.  In  addition, 
all  significant  group-by-covariate  interactions  vere  examined.  The  covariate 
of  current  level  of  smoking  (used  in  the  adjusted  continuous  analyses 
described  belov)  vas  not  included  in  the  categorical  analyses  to  avoid 
problems  with  sparse  cells.  Adjusted  relative  risks  for  Ranch  Band-Comparison 
contrasts  vere  calculated  for  the  categories  of  abnormally  l^v  values  versus 
normal  values  and  for  abnormally  high  values  versus  normal  values.  Adjusted 
relative  risks  vere  not  computed  for  the  abnormally  high  versus  normal 
categories  for  HCT,  or  for  the  abnormally  lov  versus  normal  categories  for 
PLT,  due  to  sparse  data.  The  results  of  these  analyses  are  given  in  Table 
16-5  and  vere  quite  similar  to  the  unadjusted  results,  vith  no  statistically 
significant  or  borderline  significant  associations  found. 


TABLE  16-5. 

Adjusted  Categorical  Analyses  for  Hematological  Variables 
(Abnormal  Versus  Normal),  Adjusted  for  Age,  Race, 
Occupation,  and  Smoking 


Variable 

Abnormally  Lov  vs. 

Adj.  Relative 
Risk  (951  C.I.) 

.  Normal 

p-Value 

Abnormally  High  vs 

Adj.  Relative 
Risk  (95X  C.I.) 

.  Normal 

p-Value 

RBC 

0.93 

(0.59,1.47) 

0.762 

1.04 

(0.48,2.28) 

0.920 

VBC 

0.96 

(0.66,1.42) 

0.854 

0.97 

(0.69,1.36) 

0.852 

HGB 

1.12 

(0.74,1.80) 

0.522 

0.98 

(0.80,1.19) 

0.824 

HCT 

1.02 

(0.51,2.06)* 

0.954* 

— 

— 

HCV 

1.08 

(0.52,2.26) 

0.787 

0.99 

(0.78,1.26) 

0.960 

MCH 

1.33 

(0.56,3.17) 

0.525 

1.10 

(0.79,1.54) 

0.574 

PLT 

— 

— 

1.14 

(0.66,1.98)b 

0.638b 

'Abnormally  lov  versus  normal/abnormally  high. 
— Not  analyzed  due  to  sparse  data. 
b Abnormally  high  versus  normal/abnormally  lov. 
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Adjusted  Analyst »  of  Continuous  Data 


General  linear  r agression  aodals  vara  parforaed,  adjusting  for  aga  (at 
tha  Baseline  examination),  race,  occupation  (OCC),  saoking  history  (pack- 
years  (PACKYRJ),  and  currant  level  of  saokinr  (cigarettes  par  day  [CSMOR]). 
The  linear  aodals  were  fit  to  examine  the  aain  effects  of  group  (GRP) 
Membership,  the  covariates,  and  tvo-  and  three- factor  interactions  aaong 
these  variables  (only  three-factor  interactions  involving  group  vere 
considered).  The  hierarchical  Modeling  approach  as  described  in  Chapter  7, 
Statistical  Methods,  vas  parforaed  to  arrive  at  a  "best  model"  containing  the 
group  effect  and  all  statistically  significant  covariate  main  affects  and 
interactions. 

The  results  of  the  adjusted  analyses  for  the  heaatological  variables, 
along  vith  the  significance  of  the  adjusting  covariates  and  covariate 
interactions  are  summarized  in  Table  16-6. 

These  results  indicated  b  lack  of  significant  group  differences  for  RBC, 
HGB,  HCT,  HCV,  MCH,  and  MCHC  after  adjustment  for  five  covariates.  Tvo 
analyses,  VBC  and  PLT,  shoved  significant  group-by-covariate  interactions; 
the  statistics  of  these  interactions  (along  vith  borderline  interactions  for 
RBC)  are  given  in  Table  N-2  of  Appendix  N,  and  the  narrative  descriptions  of 
these  interactions  are  included  in  the  folloving  variable-by-variable  suaaary 
presentations. 


Discussion 

The.  folloving  variable-by-variable  discussion  presents  the  findings  for 
the  unadjusted  and  adjusted  results,  main  covariate  effects,  group-associated 
interactions,  and  vhen  appropriate,  Ranch  Hand  versus  Original  Coaparison 
contrasts,  and  coaparisons  to  Baseline  results.  The  results  of  the  covariate 
effects  and  covariate  interactions  (not  involving  group)  for  the  adjusted 
analyses  are  found  in  Table  16-6;  group-by-covariate  interactions  are  given 
in  Table  N-2  of  Appendix  N. 


Red  Blood  Cell  Count  (BBC) 

Both  the  categorical  and  continuous  unadjusted  analyses  found  no  statis¬ 
tically  significant  differences  in  RBC  values  betveen  groups. 

The  covariate  associations  for  both  groups  combined  shoved  a  significant 
effect  of  age  (RBC  abnormally  lov  in  4.  OX  of  the  older  cohort  versus  1.9X  of 
the  younger;  p>0.010)  and  race  'Blacks  having  6.3X  and  4.2X  in  the  abnormally 
lov  and  high  categories  versus  2.9X  and  0.6X  in  nonhlacks,  respectively; 

p<0.001). 

Continuous  regression  analyses  also  detected  significant  effects  of 
current  saoking  (p«0.004)  and  an  age-by-occupation  interaction  (p-0.013). 

The  adjusted  categorical  "^alysis  shoved  no  significant  group  difference,  but 
the  adjusted  continuous  ts>  <ysis  revealed  a  borderline  significant  (p-0.086) 
three-factor  interaction  of  group-by-occupation-by-smoking  history.  Esti¬ 
mated  Ranch  Hand-Comparison  contrasts  revealed  a  significant  difference 
(p«0.010)  for  enlisted  groundcrev,  30  pack-years  vith  Ranch  Bands  exhibiting 
a  slightly  lover  RBC  count  than  the  Conparisons  (see  Table  N-2  of 
Appendix  N). 
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TABLE  16-6 


Adjusted  Continuous  Analyses  for  Beaatoloflcal  Variables, 
(Bench  Hand-Co* pari son  Group  Differences) 


Variable 

Ranch  Band-Coaparison 
Group  Difference 
±  SE 

p-Value 

Covariate  Renarks* 

RBC 

-0.021±0.015* 

o.i;2 

AGB*0CC  (p^0,013) 

CSMOR  (p-9.004) 

VBC 

MM 

**** 

GRP*RACE*AGF  (p-0.005) 
GRP*AGK* PACKYR  (p-0.004) 
GRP*RACE*OCC  (p-0.004) 

HGB 

-0.034±0.042 

0.410 

AGE*0CC  (p-0.002) 

RACB*OCC  (p-0.013) 

CSMOR  (p<0.001) 

HCT 

-0.lSlt0.121 

0.210 

AGE*0CC  (p-0.004) 

RACE*0CC  (p-0.003) 
OCOPACRYR  (p-O.035) 

CSMOR  (p<0.001) 

MCV 

0. 108±0. 188 

0.565 

RACE*AGE  (p<0.001) 

RACE*0CC  (p-0.015) 
RACE*CSM0R  (p-0.025) 

MC8 

0.062±0.070 

0.378 

RAC3*AGE  (p-0.015) 

CSMOR  (p<0.001) 

0CC  (p<0.001) 

MCHC 

0.032±0.026 

0.226 

RACE  (p-0.001) 

CSMOR  (p-0.042) 

PLT 

AM* 

GRP*RACE*PACKYR  (p<0.001) 
GRP*RACE*CSM0R  (p-0.024) 

0CC  (p-0.039) 

AGE  (p-0.006) 

♦Abbreviations 
6CCs  Occupation 

CSMOR:  Currant  level  of  saoking  (cigarettes  per  day) 

GRPj  Group 

PACKYR :  Saoking  history  (pack-years) 

*Also,  borderline  significant  three-fcctor  interaction  (see  text). 

♦♦♦♦Group-by-covariate  interaction;  group  difference,  standard  error  (SE)  and 
p-value  not  presented. 
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A  similar,  but  slightly  veaker  interaction  vas  observed  in  th*  analysis 
of  tha  Original  Compar icons  versus  tha  Ranch  Hands.  The  general  finding  of 
insignificant  group  differences  supported  the  Baseline  observations  (despite 
the  use  of  different  statistical  procedures),  but  the  follovup  results 
differed  by  the  nild  three-factor  interaction. 


Vhlte  Blood  Cell  Count  (VBC) 

The  categorical  and  unadjusted  continuous  analyses  did  not  disclose  any 
significant  differences  in  VBC  levels  betveen  the  Ranch  Hand  and  Comparison 
groups „ 

Covariate  tests  shoved  a  borderline  effect  of  age  (vith  he  older  cohort 
having  a  slightly  lover  proportion  of  abnormally  lov  VBC  levels — 4 . 2X  versus 
5.4X  in  the  younger  cohort),  and  the  highly  significant  effects  of  race 
(p<0.001),  occupation  (p-0.001),  and  smoking  history  (p<0.001).  Blacks  had  a 
much  higher  proportion  of  abnormally  lov  VBC  counts  (15. 4X)  versus  nonblacks 
(4. OX);  higher  proportions  of  enlisted  flyers  and  enlisted  groundcrev 
personnel  (9. IX  and  7.2X,  respectively)  had  abnormally  high  VBC  counts  versus 
officers  (3.6X).  Increasing  frequencies  of  leukocytosis  vere  associated  vith 
increasing  levels  of  smoking. 

The  adjusted  categorical  analysis  vas  nonrevealing  vith  respect  to  group 
differences,  but  the  adjusted  continuous  analysis  disclosed  three  significant 
three-factor  interactions  involving  group  membership:  group-by-race-by-age 
(p-0.005),  group-by-age-by-saoking  history  (pack-years;  p-0.004),  and 
group-by-race-by-occupation  (p-0.004). 

Further  analyses  vere  conducted  stratifying  by  race  (see  Table  N-2  of 
Appendix  N).  Among  Blacks,  the  best  model  revealed  significant  group-by- 
occupation  and  group-by-age  interactions  (p-0.045,  p-0.024,  respectively). 
Group  differences  for  covariate  levels  corresponding  to  young  officers  and 
young  enlisted  flyers  vere  statistically  significant,  vith  the  adjusted  mean 
VBC  value  considerably  lover  in  the  Ranch  Hand  group  than  in  the  Comparison 
group.  Conversely,  the  adjusted  difference  for  the  older  enlisted  groundcrev 
vas  in  the  opposite  direction.  The  results  for  nonblacks  vere  more  precise: 
The  group-by-age-by-smoking  history  interaction  »*s  highly  significant 
(p-0.002),  vith  young  heavy  smokers  having  a  VBC  level  approximately 
12  percent  greater  in  the  Ranch  Hands  than  the  Comparisons. 

Other  differences  vere  small  in  magnitude  and  not  statistically 
significant.  Ranch  Hand  and  Original  Comparison  contrasts  vere  similar  for 
nonblacks,  but  for  Blacks,  the  group-by-occupation  and  group-by-age  inter¬ 
actions  did  not  reach  statistical  significance  (p«0.077,  p-0.134,  respec-  • 
tively).  The  nonsignificance  of  the  unadjusted  and  categorical  adjusted 
analyses  vas  equivalent  to  the  findings  at  Baseline  examination. 

Hovever,  possibly  due  to  different  model  selections,  no  interactions  vere 
noted  at  Baseline.  Race  and  occupation  vere  not  used  as  covariates  at 
Baseliue. 


Hemoglobin  (BGB) 

None  of  the  four  analyses,  unadjusted  and  adjusted  categorical  tests  and 
unadjusted  and  adjusted  tests  Of  mean  differences,  detected  a  significant 
difference  betveen  groups. 
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Covariate  tests  of  association  revealed  the  profound  effects  of  race 
(8.4X  abnormally  low  in  Blacks  versus  3.31  ir.  nonblacks;  p-0.002) ,  occupation 
(25. IX  and  23. 6X  abnormally  high  in  enlisted  flyers  and  groundcrev,  respec¬ 
tively,  versus  16. 7X  in  officers;  p<0.001),  and  smoking  history  (vith  propor¬ 
tions  of  abnormally  high  HGB  levels  associated  vith  incresses  in  pack-years 
of  smoking;  p-0.003).  Continuous  analyses  detected  significant  effects  of 
current  smoking  (p<0.001),  occupation-by-age  (r»-0.002),  and  occupation- 
by-race  (p«0.013)  interactions.  No  significant  group-by-covariate  inter¬ 
actions  were  noted.  Analysis  of  the  Ranch  Hands  and  Original  Comparisons, 
hovever,  found  significant  three -factor  interactions  of  group-by-race-by-age 
(p-0.030)  and  group-by-race  by-occupation  (p-0.020)  (see  Tables  N-7  and  N-8 
of  Appendix  M).  For  equivalent  analyses,  the  follovup  results  vere  quite 
analogous  to  the  Baseline  study  results. 


Hematocrit  (OCT) 

All  of  the  unadjusted  and  adjusted  categorical  tests  and  analyses  of 
mean  differences  failed  to  detect  any  group  differences.  Since  there  vere 
only  five  abnormally  high  values,  this  category  vas  combined  vith  the  normal 
category  in  the  categorical  analyses. 

The  association  of  race  to  HCT  vas  highly  significant,  vith  4.9  percent 
abnormally  lov  values  noted  in  Blacks  versus  0.9  percent  in  nonolacks 
(p<0.001).  Regression  analyses  also  detected  significant  effects  of  current 
smoking  (p<0.001)  as  veil  as  age-by-occupation  (p»0.004),  race-by-cccupation 
(p-0.003),  and  occupation-by-saoking  history  (p-0.035)  interactions.  In  both 
categorical  and  continuous  adjusted  analyses,  no  significant  group-by- 
covariate  interactions  vere  detected.  Analyses  of  data  from  the  Ranch  Hands 
and  Original  Comparisons,  hovever,  detected  significant  three-factor  inter¬ 
actions  of  group-by-race-by-age  (p-0.026)  and  group-by-race-',  occupation 
(p«0.011)  (see  Tables  N-7  and  N-8  of  Appendix  N). 


Mean  Corpuscular  Volume  (MCV) 

•  t 

No  significant  group  differences  vere  detected  for  MCV  abnormalities  or 
mean  values  by  any  of  the  unadjusted  or  adjusted  analyses. 

Main  covariate  effects  vere  profound  for  age  (p<0.001),  race  (pCO.OOl), 
occupation  (p-0.004),  and  smoking  history  (p<0.001).  The  older  cohort  had  a 
greater  frequency  of  abnormally  high  MCV  values  than  did  the  younger  age 
group  (18. OX  vs.  9.4X,  respectively),  and  Blacks  had  a  far  greater  frequency 
of  abnormally  lov  MCV  values  than  nonblacks  (7.7X  vs.  0.6X,  respectively). 
Enlisted  groundcrev  personnel  had  a  lover  percentage  of  abnormally  high 
values  than  officers  or  enlisted  flyers  (12. 5X,  15. 5X,  and  17. OX,  respec¬ 
tively),  and  increases  in  pack-years  of  smoking  vere  associated  vith 
increasing  percentages  of  abnormally  high  levels  (0  pack-years:  4.7X;  greater 
than  0  to  10  pack-years:  13. IX;  and  greater  than  10  pack-years:  21. OX). 

Continuous  analyses  detected  significant  interactions  of  race-by-age 
(p<0.001),  race-by-occupation  (p>0.015),  and  race-by  current  smoking 
(p-0.025).  The  analysis  of  the  Ranch  Hand  and  Original  Comparisons  revealed 
a  significant  group-by-race  interaction  (p-0.031)  for  the  categorical 
analyses  and  significant  group-by-age-by-smoking  history  (p«0.041)  and 
group-by-age-by-current  smoking  (p«0.012)  interactions  in  the  continuous 
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analysts.  Various  contrasts  art  givan  in  Tabla  N-8  of  Appendix  N.  No 
explanations  are  apparent  for  these  interactions  except  chance.  The  follovup 
exaaination  results  of  MCY  (i.e.,  significant  interactions)  differed  from  thfc 
Baseline  results,  which  shoved  a  significantly  larger  adjusted  mean  MCV  value 
in  the  Ranch  Hands. 


Mean  Corpuscular  Hemoglobin  (MCH) 

MCH  abnormalities  and  mean  values  did  not  differ  significantly  by  group 
in  any  of  the  unadjusted  or  adjusted  analyses. 

Main  effects  vere  very  significant  for  all  of  the  covariates.  The  older 
cohort  had  a  greater  frequency  of  abnormally  high  MCH  values  than  the  younger 
group  (7.9X  vs.  3.2X,  respectively;  p<0.001),  while  Blacks  had  a  greater 
frequency  of  low  abnormalities  than  nonblacks  (4.9X  vs.  0.3X,  respectively; 
pCO.OOl).  Enlisted  groundcrew  had  a  higher  proportion  of  abnormalities  in 
the  lower  range  than  enlisted  flyers  and  officers  (1.0X,  0.3X,  0.2X,  respec¬ 
tively),  but  they  had  a  lover  proportion  of  high-range  abnormalities  compared 
to  the  other  occupations  (4.3X,  7.8X,  and  7.3X,  respectively).  The  overall 
p-value  vas  0.003.  Increasing  pack-years  of  smoking  vas  associated  with 
increasing  frequencies  of  high  abnormal  MCH  results  (0  pack-years:  2. IX; 
greater  than  0  to  10  pack-years:  6. OX;  and  greater  than  10  pack-years:  8.3X; 

p<0.001). 

Continuous  analyses  detected  a  significant  race- by -age  interaction 
(p-0.015),  as  well  as  significant  effects  of  current  smoking  (p<0.001)  and 
occupation  (p<0.001).  The  follovup  findings  did  not  support  the  Baseline 
observation  of  significantly  increased  MCH  in  the  Ranch  Hands,  although  the 
■can  vas  still  higher  (both  unadjusted  and  adjusted)  in  the  Ranch  Hand  group. 

In  the  analysis  of  the  Ranch  Hands  and  the  Original  Comparisons,  a 
significant  three-factor  interaction  of  group-by-age-by-current  smoking 
emerged  (p>0.026).  Table  N-8  of  Appendix  N  presents  Ranch  Hand-Comparison 
differences  for  selected  covariate  levels  corresponding  to  35-  and  53-year- 
old  nonsmokers,  one-pa ck-per-day  current  smokers,  and  tvo-packs-per-day 
current  smokers.  The  differences  vere  positive  for  all  contrasts  except  the 
53-year-old  smokers,  vhen  the  differences  became  increasingly  more  negative 
vith  increasing  levels  of  smoking. 


Mean  Corpuscular  Hemoglobin  Concentration  (MCBC) 

In  both  groups,  only  one  abnormal  MCHC  count  vas  recorded  for  either  the 
abnormally  lov  or  abnormally  high  categories,  precluding  unadjusted  or 
adjusted  categorical  tests,  and  exploration  of  main  covariate  effects.  No 
significant  group  differences  vere  detected  by  the  unadjusted  or  adjusted 
tests  of  MCHC  means,  although  race  (p>0.001)  and  current  smoking  (p-0.042) 
were  significantly  associated  vith  MCHC  (higher  MCHC  in  nonblacks  and 
decreasing  MCHC  associated  with  increasing  current  levels  of  smoking). 

Similar  findings  vere  noted  in  the  analysis  of  Ranch  Hand  and  Original 
Comparisons,  and  overall,  the  follovup  findings  vere  comparable  to  the 
1982  Baseline  MCHC  results. 
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Platelet  Count  (PLT) 

Neither  the  unadjusted  nor  the  adjusted  categorical  analysis  shoved 
statistically  significant  group  differences.  Analysis  of  continuous  data 
disclosed  significant  effects  due  to  occupation  (p-0.039),  age  (p»0.006), 
group-ty-race-by-smoking  history  (p<0.001),  and  group-by- race-by-current 
sacking  (p-0.024)  interactions,  vith  higher  PLT  values  in  the  heavily  saokitvr 
Ranch  Bands  but  similar  values  for  nonsaokers  (see  Table  N-2  of  Appendix  N). 

The  significant  interactions  of  group-by-cace-by-smoking  history 
(pnO.Oll)  and  group-by-age  (p-0.040)  vera  also  noted  for  the  analyses 
involving  the  Original  Comparisons  (see  Table  N-8  of  Appendix  N).  The 
percentages  of  abnoraally  high  PLT  counts  increased  vith  increasing  pack- 
years  of  smoking  (0  pack-years t  0.8X;  greater  than  0  to  10  pack-years:  2. OX; 
and  greater  than  10  pack-years:  2.6X).  Other  than  the  interactions 
encountered  in  the  adjusted  analyses,  the  overall  findings  at  the  follovup 
were  comparable  to  the  Baseline  PLT  results. 


EXPOSURE  INDEX  ANALYSES 

Exposure  index  analyses  vere  conducted  vithin  each  occupational  cohort 
of  the  Ranch  Band  group  to  search  for  dose-response  relationships  (see 
Chapter  8  for  details  on  the  exposure  index).  Log-linear  models  vere  fit  to 
the  categorical  data  to  examine  the  effects  of  exposure  and  pack-years  of 
smoking,  as  veil  as  the  interaction  betveen  these  variables.  The  normal  and 
abnormally  high  categories  vere  pooled  for  the  RBC  count,  and  the  abnormally 
lov  and  normal  response  categories  vere  pooled  for  MCV,  MCH,  and  PLT  due  to 
empty  cells  in  some  strata.  Because  of  the  small  numbers  of  abnormal  values, 
analyses  vere  not  conducted  for  BCT  or  MCBC.  The  results  of  the  unadjusted 
categorical  analyses  are  presented  in  Table  16-7,  and  the  counterpart 
adjusted  analyses  are  given  in  Table  16-8.. 

The  unadjusted  analyses  shoved  only  a  statistically  significant  result 
for  the  VBC  count  in  the  enlisted  flyer  category,  due  primarily  to  an  excess 
of  abnormally  lov  values  in  the  high  exposure  category.  The  very  sparse  data 
support  a  trend  from  lov  to  high  exposure,  and  the  finding  of  abnoraally  lov 
VBC  counts  associated  vith  exposure  is  in  the  direction  expected  for  an 
herbicide  effect.  Bovever,  the  exposure  association  vith  abnormally  lov  VBC 
counts  converted  to  borderline  significance  (p>0.082)  in  the  adjusted 
analysis.  There  vere  no  statistically  significant  exposure  level-by-saoking 
history  interactions.  Similar  analyses  in  the  other  occupational  strata 
(vith  much  larger  sample  sizes)  did  not  produce  this  pattern. 

The  unadjusted  analysis  of  means  for  all  eight  hematological  variables 
vas  carried  out  by  a  one-vay  analysis  of  variance.  The  results  are  arrayed 
in  Table  16-9. 

These  analyses  revealed  only  one  statistically  significant  result 
(p«0.038),  the  RBC  count  in  the  enlisted  groundcrev  stratum  vhere  individuals 
in  the  medium  exposure  category  had  a  higher  Kean  RBC  level  than  those  in  the 
lov  or  high  exposure  categories.  Thus,  these  significant  .iBC  findings  did 
not  demonstrate  a  dose-response  relationship.  The  results  for  BCT  in  the 
enlisted  groundcrev  stratum  vere  of  borderline  significance  (p»0.052)  vith 
the  highest  mean  BCT  level  in  the  medium  exposure  category.  In  contrast  to 
the  categorical  analyses,  mean  VBC  levels  in  the  enlisted  flyers  vere  not 
significantly  different  among  the  three  exposure  levels. 
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■n M3  16-7. 

Ubadfrated  Categorical  Bqwun  Tndt  tmljM 
for  n—mlnuiml  Variables  ’  y  Peculation 


VrtI-  Occu- 


able 

paticn 

Index 

Ntaber 

Percent  Number 

Percent  Ntaber 

Percent 

Total 

p-Value 

BBC 

Officer 

Low 

3 

2.4 

123 

96.8 

1 

0.8 

127 

0.522* 

Medium 

4 

3.1 

125 

96.2 

1 

0.8 

130 

Hiyh 

6 

4.9 

114 

93.4 

2 

1.6 

122 

Bilist'ad 

Low 

1 

1.8 

54 

98.2 

0 

0.0 

55 

0.401* 

Flyer 

Mndiim 

1 

1.5 

64 

98.5 

0 

0.0 

65 

High 

3 

5.3 

54 

94.7 

0 

0.0 

57 

Misted 

Low 

6 

3.9 

148 

96.1 

0 

0.0 

154 

0.329* 

Gcondcrcv  Medium 

2 

1.2 

158 

97.5 

2 

1.2 

162 

High 

4 

2.8 

136 

95.8 

2 

1.4 

142 

UBC 

Officer 

Low 

7 

5.5 

115 

90.6 

5 

3.9 

127 

0.919 

Mediue 

7 

5.4 

118 

90.8 

5 

3.8 

130 

High 

5 

4.1 

no 

90.2 

7 

5.7 

122 

Ehlisted 

low 

0 

0.0 

51 

92.7 

4 

7,3 

55 

0.045 

Flyer 

Medium 

1 

1.6 

59 

92.2 

4 

6.2 

64 

High 

6 

10.5 

47 

82.5 

4 

7.0 

57 

Enlisted 

Low 

4 

2.6 

139 

90.3 

11 

7.1 

154 

0.839 

Gromdcrev  Medium 

8 

4.9 

142 

87.6 

12 

7.4 

162 

High 

7 

4.9 

125 

88.0 

10 

7.0 

142 

BSE 

Officer 

Low 

7 

5.5 

100 

78.7 

20 

15.8 

127 

0.425 

Kadiua 

2 

1.5 

106 

81.5 

22 

16.9 

130 

High 

6 

4.9 

92 

75.4 

24 

19.7 

122 

Bilisted 

Low 

3 

5./ 

36 

65.4 

16 

29.1 

55 

0.350 

Flyer 

Mediue 

3 

4.6 

51 

78.5 

11 

16.9 

65 

High 

5 

8.8 

36 

63.2 

16 

28.1 

57 

Ehlisted 

Low 

5 

3.2 

119 

77.3 

30 

19.5 

154 

0.352 

Grtxndcrev  Hediuo 

4 

2.5 

110 

67.9 

48 

29.6 

162 

High 

4 

2.8 

102 

71.8 

36 

25.4 

142 
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TfflE  16-7.  (continued) 


lliadtjusted  Categorical  Exposure  Index  Analyses 
for  Beoatolcgic&l  Variables  by  Occupation 


Abnormally  Lew  Normal  Abnormally  High 
Vari-  Occu-  Exposure  ~ 


able 

pation  Index 

NUnber 

Percent  Nunber 

Percent  Number 

Percent 

Total 

p-Value 

MCV 

Officer  Low 

1 

0.8 

111 

87.4 

15 

11.8 

127 

O.580P 

Medina 

1 

0.8 

111 

85.4 

18 

13.8 

130 

High 

0 

0.0 

102 

83.6 

20 

16.4 

122 

Misted  Low 

0 

0.0 

43 

78.2 

12 

21.8 

55 

0.764b 

Flyer  Medium 

0 

0.0 

54 

83.1 

11 

16.9 

65 

High 

0 

0.0 

47 

82.5 

10 

17.5 

57 

Misted  Low 

2 

1.3 

139 

90.3 

13 

8.4 

154 

0.091b 

Groindcrev  Medium 

3 

1.8 

133 

82.1 

26 

16.0 

162 

High 

3 

2.1 

117 

82.4 

22 

15.5 

142 

HCH 

Officer  Low 

1 

0.8 

117 

92.1 

9 

7.1 

127 

0.916b 

Mediun 

0 

0.0 

121 

93.1 

9 

6.9 

130 

High 

0 

0.0 

112 

91.8 

10 

8.2 

122 

Misted  Lew 

0 

0.0 

51 

72.7 

4 

7.3 

55 

0,855b 

Flyer  Mediun 

0 

0.0 

60 

92.3 

5 

7.7 

65 

High 

0 

0.0 

54 

94.7 

3 

5.3 

57 

Enlisted  Low 

1 

O.f 

147 

95.4 

6 

3.9 

154 

0.626b 

Groundcrew  Medium 

2 

1,2 

151 

93.2 

9 

5.6 

162 

high 

3 

2.1 

130 

91.6 

9 

6.3 

142 

PIT 

Officer  Low 

2 

1.6 

120 

94.5 

5 

3.9 

127 

0.487* 

Medium 

1 

0.8 

126 

97.7 

'f 

1.6  ' 

129 

High 

0 

0.0 

119 

97.5 

3 

2.5 

122 

Misted  Lew 

1 

1.8 

51 

92.7 

3 

5.4 

55 

0.135b 

Flyer  Mediun 

0 

0.0 

64 

98.5 

1 

1.5 

65 

High 

0 

0.0 

57 

100.0 

0 

0." 

57 

Enlisted  Lew 

0 

0.0 

152 

98.7 

2 

1.3 

154 

0.914b 

Qcomdcrew  Medium 

1 

0.6 

158 

97,5 

3 

1.8 

162 

High 

0 

0.0 

140 

98.6 

7 

1.4 

142 

‘Normal  pooled  with  abnetmally  high. 


b Abnonnally  lew  pooled  with  normal. 
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TABLE  16-8 


Adjusted  Categorical  Exposure  Index  Analyses  (Log-Linear  Models) 
for  Hematological  Variables  by  Occupation  (p-Values) 


Exposure 


Variable 

Occupation 

Exposure 

Index 

Effect* 

Smoking 

History 

Effect** 

Index-by- 

Smoklng 

History 

RBC 

Officer 

0.593 

0.246 

0.472 

Enlisted  Flyer 

0.552 

0.364 

0.981 

Enlisted  Groundcrev 

0.310 

0.515 

0.717 

VBC 

Officer 

0.928 

0.001 

0.616 

Enlisted  Flyer 

0.082 

0.121 

0.971 

Enlisted  Groundcrev 

0.761 

0.009 

0.104 

HGB 

Officer 

0.444 

0.393 

0.424 

Enlisted  Flyer 

0.413 

0.647 

0.980 

Enlisted  Groundcrev 

0.299 

0.104 

0.143 

MCV 

Officer 

0.718 

<0.001 

0.334 

Enlisted  Flyer 

0.619 

0.020 

0.490 

Enlisted  Groundcrev 

0.101 

0.028 

0.574 

MCH 

Officer 

0.852 

0.002 

0.777 

Enlisted  Flyer 

0.800 

0.168 

0.514 

Enlisted  Groundcrev 

0.681 

0.288 

0.530 

PLT 

Officer 

0.410 

0.099 

0.703 

Enlisted  Flyer 

0.178 

0.316 

0.976 

Enlisted  Groundcrev 

0.910 

0.363 

0.996 

♦Adjusted  for  smoking  history  (no  interaction). 
♦♦Adjusted  for  exposure  index  (no  interaction). 


TABLE  16-9 


Unadjusted  Continuous  Exposure  Index  Analyses  for 
Keeatological  Variables  by  Occupation  (Analysis  of  Variance) 


Exposure  Index 
Mean  *  SE 


Occupation 

Variable 

Lov 

Medium 

High 

p-Value 

(n-127) 

(n-130) 

(n-122) 

Officer 

RBC 

4.904*0.030 

4.861*0.029 

4.899*0.034 

0.560 

VBC* 

6.488 

6.553 

6.753 

0.512 

HGB 

15.468±0.084 

15.463*0.087 

15.593*0.094 

0.507 

HCT 

45.379±0.243 

45.313*0.255 

45.791*0.284 

0.380 

MCV 

92.648*0.430 

93.260*0.365 

93.548*0.367 

0.252 

MCE 

31.606*0.161 

31.851*0.134 

31.884*0.123 

0.314 

MCHC 

34.090*0.060 

34.123+0.060 

255.70” 

34.067*0.059 

0.801 

PLT* 

233.66 

256.72 

0.799 

(n-55) 

(n«65) 

(n-57) 

Enlisted 

RBC 

4.972*0.048 

4.942x0.037 

4.957*0.053 

0.894 

Flyer 

VBC* 

7  531 

7.236 

6.966 

0.378 

HGB 

15.785*0.149 

15.629*0.110 

15.721*0.180 

0.744 

HCT 

46.345*0,425 

45.908*0.315 

46.300*0.535 

0.717 

MCV 

93.269*0.618 

92.923*0.501 

93.400*0.572 

0.817 

MCH 

31.782*0.222 

31.675*0.187 

31.735*0.208 

0.933 

KCHC 

34.065*0.073 

34.058+0.072 

275.34* 

33.956*0.072 

0.508 

PLT4 

272.87 

261.13 

0.382 

(n-154) 

(n-162) 

<n-142) 

Enlisted 

RBC 

4.990*0.032 

5.094*0.031 

4.999*0.043 

0.038 

Groundcrev 

VBC* 

7.185 

7.236 

7.383 

0.686 

HGB 

15.566*0.099 

15.807*0.075 

15.685*0.090 

0.147 

HCT 

43.740*0.284 

46.580*0.210 

46.086*0.252 

0.052 

MCV 

91.737*0.399 

91.672*0.404 

92.376*0.458 

0-436 

MCH 

31.251*0.154 

31.138*0.151 

31.468*0.166 

0.325 

MCHC 

34.032*0.059 

33.941*0.051 

34.031*0.057 

0,409 

PLT* 

270.97 

273.42 

268.27 

0.748 

c Standard  errors  <SE)  not  presented,  since  variables  vers  analyzed  on 
logarithaic  scale- 


bn-129. 
c  n-64 . 
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Adjusted  analyses  of  the  differences  in  variable  means  were  performed  by 
regression  techniques.  As  in  rhe  unadjusted  analysis,  RBC  and  HCT  in  the 
enlisted  groundcrev  stratum  presented  contrasts  of  interest  for  the  medium 
versus  low  exposure  categories  (p»0.059,  and  p«0.041,  respectively). 

Further,  it  was  noted  that  smoking  history  (pack-years)  was  significantly 
associated  vith  the  RBC  and  HCT  variables  in  a  negative  direction,  vhile  the 
current  smoking  covariate  (cigarettes/day)  shoved  a  positive  trend. 

By  linear  models,  the  adjusted  exposure  analyses  included  the  main 
effects  of  the  covariates,  as  veil  as  interactions  betveen  exposure  level  and 
each  covariate.  No  clear  dose-response  relt tionships  were  identified,  but 
eight  exposure-by-covariate  interactions  vere  noted,  and  these  are  reflected 
in  summary  form  in  Table  16-10.  Analyses  exploring  these  interactions  are 
presented  in  Table  N-3  of  Appendix  N. 

These  data  do  not  disclose  any  interpretable  pattern  of  occupational 
predominance  in  the  Ranch  Hand  group.  Sovever,  the  relative  sparseness  of 
the  enlisted  groundcrev  stratum  in  these  interactions  is  notevorthy,  as  is 
the  relative  representation  of  race  and  age  as  interactive  covariates. 

Bxposure  contrasts  are  shovn  in  Table  N-3  of  Appendix  N.  For  HGB  and 
HCT,  high  versus  lov  contrasts  vere  significant  at  covariate  levels 
corresponding  to  Black  officers,  and  medium  versus  lov  contrasts  vere 
significant  at  covariate  levels  corresponding  to  enlisted  flyers,  age  35. 

The  medium  versus  lov  contrast  corresponding  to  Black  enlisted  groundcrev  vas 
also  significant  for  PLT. 

In  summary,  several  interactions  vere  detected  in  the  continuous 
analyses,  but  only  a  fev  of  the  main  effect  exposure  analyses  demonstrated 
statistical  significance.  Of  these,  only  one  shoved  a  veak  linear  trend  of 
effects  increasing  from  lov  to  high  exposure.  No  pattern  of  exposure  effects 
vas  discernible  by  occupational  category. 

TABLE  16-10. 

Summary  of  Bxposure  Inder-by-Covariate  Interactions 
Encountered  in  Adjusted  Continuous  Analyses  of  Hematological 
Variables  (General  Linear  Models) 


Variable  Occupation  Covariate 


p-Value 


RBC 

Officer 

Race 

0.052 

RBC 

Enlisted  Flyer 

Age 

0.012 

HGB 

Officer 

Race 

0.034 

HGB 

Enlisted  Flyer 

Age 

<0.001 

HCT 

Officer 

Race 

0.048 

HCT 

Enlisted  Flyer 

Age 

0.002 

PLT 

Enlisted  Flyer 

Current  Smoking 

0.050 

PLT 

Enlisted  Groundcrev 

Race 

0.044 
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LONGITUDINAL  ANALYSES 


The  sauple  data  base  for  the  longitudinal  analyses  vas  the  number  of 
participants  who  attended  both  examinations  (971  Ranch  Hands  and  1,139  Com¬ 
parisons).  These  variables  vere  analyzed:  MCV,  MCd.  and  PLT.  The  results 
of  these  analyses  are  depicted  in  Table  16-11. 

These  analyses  shoved  no  statistically  significant  group  differences  for 
the  MCV  and  MCH  variables,  whereas  a  highly  significant  group  difference  vas 
present  for  mean  PLT  counts.  Both  MCV  and  MCH  counts  increased  symmetrically 
from  the  Baseline  examination,  a  fact  likely  attributable  to  an  ongoing 
effect  of  smoking  (see  Table  16-4)  or  to  a  laboratory  technique  difference. 
The  highly  significant  difference  (p-0.002)  for  PLT  counts  vas  due  to  a 
group-by-examination  time  interaction,  vith  the  Ranch  Hands  exhibiting  a 
slight  decline  in  the  mean  PLT  value  from  the  Baseline  to  follovup  examina¬ 
tion,  vhereas  the  Comparisons  shoved  a  slight  increase  in  the  mean  PLT  value. 
No  biological  significance  is  assigned  to  the  statistically  significant  group 
difference  in  the  change  in  PLT  counts.  Based  upon  the  results  of  the 
longitudinal  analysis,  there  is  reasonable  equivalence  of  the  hematological 
.status  betveen  the  tvo  groups. 


TABLE  16-11. 

Longitudinal  Analyses  for  ‘MCV,  MCH,  and  PLT: 

A  Contrast  of  Baseline  and  First  Follovup  Examination  Test  Means 


Means 


Difference  p-Value 


Variable 

Group 

1982  1985 

Total  Baseline  Follovup 

(Pol lovup- 
Baseline) 

Error* 

(Equality  of 
Difference) 

MCV 

Ranch  Hand 

971 

88.89 

92.60 

+3.71 

2.800 

0.96 

Comparison 

1,139 

88.68 

92.38 

+3.70 

MCH 

Ranch  Hand 

971 

30.81 

31.55 

+0.74 

0.879 

0.30 

Comparison 

1,139 

30.65 

31.45 

+0.80 

PLT 

Ranch  Hand 

971 

276.9 

271.5 

-5.4 

35.38 

0.002 

Comparison 

1,139 

266.7 

268.2 

+1.5 

♦Error  -  'ISubj  *  Time/Group  mean  squares. 
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SUMMARY  AMD  CONCLUSIONS 


The  functional  integrity  of  the  henatopoietic  system  was  assessed  by  the 
measurement  of  eight  peripheral  blood  variables:  red  blood  cell  count  (RBC), 
white  blood  cell  count  (VBC),  hemoglobin  (HGB) ,  hematocrit  (HCT),  mean 
corpuscular  volume  (MCV),  mean  corpuscular  hemoglobin  (MCH),  mean  corpuscular 
hemoglobin  concentration  (MCHC),  and  platelet  count  (PLT).  These  variables 
were  analyzed  in  the  discrete  form  to  detect  differences  in  the  percentages 
of  values  outside  the  designated  laboratory  range,  as  well  as  in  the 
continuous  fora  to  detect  shifts  in  mean  values  between  the  two  groups.  A 
summary  of  all  of  these  analyses,  unadjusted  and  adjusted  for  the  covariates 
of  age,  race,  occupation,  and  smoking,  is  presented  in  Table  16-12. 

The  unadjusted  discrete  analysis  of  the  percent  abnormal  values,  both 
low  ana  high,  shoved  no  statistically  significant  differences  between  the 
Ranch  Hand  and  Comparison  groups  for  any  of  the  hematological  variables. 
Similarly,  the  adjusted  categorical  analysis  disclosed  that  none  of  the 
adjusted  relative  risks  was  significant  for  either  group,  and  that  no 
significant  group-by-covariate  interactions  were  present. 

The  unadjusted  continuous  analysis  did  not  detect  any  significant 
differences  in  group  means  for  any  of  the  eight  variables.  The  adjusted 
continuous  analysis  found  no  significant  group  differences  for  HGB,  HCT,  MCV, 
MCH,  and  MCHC,  but  encountered  significant  three-factor  interactions  for  VBC 
(group-by-race-by-age,  group-by-age-by -smoking  history,  and  group-by- 
race-by-occupation),  for  PLT  (group-by-race-by-smoking  history  and  group-by¬ 
race-by-current  level  of  smoking),  and  a  borderline  interaction  for  RBC 
(group-by-occupation-by-smoklng  history).  Ranch  Band  versus  Original 
Comparison  analyses  revealed  further  significant  interactions  for  HGB,  HCT, 
MCV,  and  MCH.  As  no  group  strata  demonstrated  consistent  patterns  of 
hematologic  impairment,  biologic  relevance  vas  not  assigned  to  the 
interactions.  The  covariate  effects  of  age,  race,  occupation,  and  smoking 
history  were  highly  significant  for  many  of  the  hematological  variables. 

The  effect  of  race  vas  particularly  profound  for  all  variables  except 
PLT.  There  vas  fair  consistency  in  the  covariate  effects  upon  the  RBC- 
related  variables.  Generally,  decreasing  hematologic  values  vere  associated 
vith  increasing  age  and  the  Black  race,  and  increasing  hematologic  values 
vere  associated  with  in. 'easing  smoking.  The  detection  of  these  classical 
covariate  effects  lends  credence  to  the  overall  finding  of  nonsignificant 
grnup  differences  for  all  of  the  hematological  variables.  Significant  group 
diffmrences  found  for  MCV  and  MCH  at  the  Baseline  examination  vere  not 
significant  at  the  first  followup.  Other  differences  (e.g.,  covariate 
effects,  interactions)  betveen  the  Baseline  and  followup  examinations  may  be 
due  to  small  numeric  shifts  in  the  cohorts  under  study  (see  Chapter  2)  and 
the  selection  of  alternate  statistical  models,  or  due  ro  chance. 

Unadjusted  continuous  exposure  analyses  in  the  Ranch  Hand  group  revealed 
only  one  significant  tffect  (RBC  in  enlisted  groundcrev)  and  one  borderline 
effect  (2Ci‘  in  enlisted  groundcrev),  but  neither  vas  consistent  vith  a 
plausible  J3se-response  relationship.  The  adjusted  continuous  exposure 
analyses  found  only  one  significant  contrast  (HCT,  medium  exposura  versus  lov 
exposure,  enlisted  groundcrev).  However,  seven  exposure  level-by-covariate 
interactions  vere  noted  for  four  of  the  hematological  variables.  Discrete 
outcome  analyses  of  the  exposure  level  index  revealed  a  significant  result 
only  for  VBC  in  the  enlisted  flyers. 
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TABLE  16-12. 


Overall  Suaeary  Results  of  Unadjusted 
and  Adjusted  Analyses  of  Heaetological  Variables 


Unadjusted _  _ Adjusted 


Mean 

Categorical 

Mean 

Categorical 

RBC 

NS 

NS 

NS* 

NS 

VBC 

NS 

NS 

**** 

NS 

HGB 

NS 

NS 

NS 

NS 

HCT 

NS 

NS 

NS 

NS 

NCV 

NS 

NS 

NS 

NS 

NCH 

NS 

NS 

NS 

NS 

MCHC 

NS 

— 

NS 

— 

PLT 

NS 

NS 

NS 

NS:  Not  sgnif leant  (p>0.10). 

NS*:  Borderline  significant  group-by-covariatc  interaction  (0.05$p<0. 10). 

— Analysis  not  perforned  due  to  sparse  data. 

****Group-by-covariate  interaction. 

Note:  Significant  group-by-covariate  interaction,  Ranch  Hands  versus  Original 
Comparisons  only,  for  HG5,  2CT,  HCV,  and  KCB. 
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The  longitudinal  analyses  of  HCV,  MCE,  and  PLT  found  significant  dif¬ 
ferences  only  for  PLT  values  betveen  the  Baseline  and  follovup  exaai nations, 
with  the  Baseline  group  difference  in  aean  values  closing  to  near  equivalence 
at  the  follovup  exaaination. 

In  conclusion,  none  of  the  eight  heaatological  variables  vere  found  co 
differ  significantly  between  the  Ranch  Hand  and  Coaparison  groups.  In  fact, 
group  equivalence  vas  aore  apparent  at  the  follovup  exaaination  than  at  the 
Baseline  exaaination.  the  classical  effects  of  age,  race,  and  saoking  vere 
deaonstrated  vith  aost  of  the  heaatological  variables.  The  longitudinal 
analyses  also  suggested  that  neither  group  aani tested  an  lapel raent  of  the 
heaatopoietic  systea.  Exposure  index  analyses  did  not  support  a  plausible 
dose-response  relationship  for  any  of  the  heaatological  variables. 
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CHAPTER  17 


RENAL  ASSESSMENT 


INTRODUCTION 

Renal  dysfunction  and  ovart  renal  disease  are  not  considered  to  be 
iaportant  clinical  sequelae  of  exposure  to  phenoxy  acids,  chlorophenols,  or 
TOO. 


In  aan  and  aniaals,  2,4-D,  2,4, 5-T,  and  TCDD  are  excreted  by  the  kidney, 
largely  in  the  unactabolized  state  via  a  first-order  kinetic  process.1' 
Excretion  of  these  compounds  appears  to  be  a  function  of  the  proxlnal 
convoluted  tubules.*'  In  experiaental  aniaals,  renal  daaage  is  generally 
noted  only  vhen  very  high  or  lethal  doses  of  TCDD  have  been  adainistered,  an 
observation  that  reflects  the  severe  systeaic  toxicity  of  TCDD  as  contrasted 
to  a  doubtful  role  of  prlaary  nephrotoxicity. 

A  variety  of  experiaental  pharaacokinetic  studies  have  been  conducted  in 
aan  using  both  ingested  2,4-D  and  2, 4, 5-T.  '  Most  of  these  studies 

suggested  an  unconjugated  excretion  of  these  coa pounds  by  first-order 
kinetics.  No  acute  deleterious  effects,  as  detected  by  urinalysis  or  blood 
cheaistries,  ver*  either  noted  or  recorded  for  the  volunteer  subjects. 

In  contrast,  following  significant  exposure  to  a  horse  arena  filled  vith 
TCDD- con taaina ted  waste  products,  a  6-year-pld  girl  developed  heaorrhagic 
cystitis,  pyelonephritis,  and  proteinuria.  Rorses  exposed  to  this  arena  and 
other  contaainated  arenas  also  frequently  aanifested  heaaturia.  A  thorough 
S-year  followup  exraination  of  the  young  girl  was  essentially  noraal  and  did 
not  reveal  any  r^nal  sequelae.1 

Host  dioxin  aorbidity  studies  have  only  briefly  aentioned  renal  disease 
and  function,  and  then  in  the  context  of  routine  data  collected  at  physical 
examination  rather  than  as  a  specific  clinical  focus.  Soae  studies  of 
significant  occupa^onfl  exposure  have  been  alaost  devoid  of  coaaentaiy  on 
renal  dysfunction.  ~1  /  con teapor ary  study  of  a  residentially  exposed 

cohort  shoved  negative  renal  findings. 

The  Tines  Beach,  Missouri,  pilot  study  demonstrated  historical  "trends" 
of  increased  urinary  tract  disease  by  questionnaire,  along  vith  a  coapatible 
pattern  of  leukocyturia  and  heaa curia  aanifest  at  physical  exanination,  but 
none  of  the  observations  vas  statistically  significant.  The  Monsanto 
industrial  aorbidity  studies  reported  essentially  negative  urinalysis 
findings,  although  data  vere  not  presented. 


Baseline  Su— ary  Results 

The  1982  Baseline  exanination  assessed  renal  disease  and  function  by 
questionnaire  and  basic  urinalysis  testing. 
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Based  on  questionnaire  information,  the  Ranch  Band  group  reported 
significantly  aora  kidney  disease  than  the  Comparisons  (p-0.039),  but  this 
finding  vas  not  substantiated  by  laboratory  test  results,  even  vhen  all 
abnormalities  vera  summed  over  the  five  tests  of  BUN,  creatinine  clearance, 
presence  of  occult  blood,  five  or  more  urine  VBC's  per  high-pover  field  (HPF), 
end  the  presence  of  urine  protein.  The  Comparison  group  manifested  a  twofold 
increase  in  proteinuria  (p-0.055).  The  distributions  of  creatinine  clearance 
levels  vera  similar  in  both  groups,  as  vere  the  means  of  the  BUN,  urine 
specific  gravity,  and  VBC's/HPF.  Difficulty  in  assessing  the  degree  and 
significance  of  hidden  noncompliance  to  the  full  24-hour  urine  collection  made 
the  interpretation  of  the  creatinine  clearance  test  results  somewhat 
problematic.  Of  some  interest,  knovn  noncompliance  to  urine  collection  vas 
observed  much  more  frequently  (pCO.OOl)  in  the  elderly  participants.  Of  18 
herbicide  exposure  analyses,  only  1  (enlisted  flyer  category)  vas 
statistically  significant  vis-a-vis  a  history  of  kidney  disease,  and  it  did 
not  demons trace  a  linear  increase  from  low  to  high  exposure. 

The  validity  of  the  renal  assessment  vas  reinforced  by  the  demonstrated 
effects  of  the  covariates  of  age  (bot'  in  or  after  1942,  born  before  1942)  and 
2-hour  status  after  postprandial  glucose  levels  (less  than  120  mg/dl,  greater 
than  or  equal  to  120  mg/dl).  Blood  urea  nitrogen  increased  with  age  and 
specific  gravity  decreased  (p<0.001  for  both),  vhile  an  abnormally  hign 
postprandial  glucose  level  indicative  of  diabetes  vas  associated  only  vith  an 
increasing  urine  specific  gravity,  as  expected. 

Overall,  the  Baseline  renal  assessment  suggested  an  excess  of  historical 
kidney  disease  in  the  Ranch  Hand  group  that  vas  not  corroborated  by  laboratory 
urinalysis  testing. 


Parameters  of  the  1983  Renal  Assessment 

Because  of  the  essentially  negative  Baseline  results,  the  fact  that 
kidney  disease  is  not  a  prime  clinical  endpoint,  and  the  manifest  compliance 
problems  vith  a  24-nour  urine  collection,  the  1985  examination  process  did  not 
emphasize  further  inquiry  into  renal  disease  and  function. 

The  onsite  NORC  questionnaire  did  not  specifically  probe  for  a  1982-1985 
interval  history  of  kidney  disease,  although  save, e  cases  may  be  captured  by 
the  generic  question,  "any  other  major  condition?"  or  by  a  detailed  extraction 
of  reviev-of-systems  data  obtained  at  the  physical  examination.  Laboratory 
testing  parameters  included  all  the  Baseline  dependent  variables  except  the 
creatinine  clearance  level  (omitted  because  the  plasma  creatinine  assay  vas 
deleted  from  the  test  battery).  Also,  the  analysis  of  composite  renal 
abnormalities  vas  deleted.  In  addition,  the  24-hour  urine  collection  was 
reduced  to  a  12-hour  collection  (5:30  a. a.  to  5:30  p.m.)  to  ease  participant 
burden  vhile  still  maintaining  validity  for  the  porphyrin  analyses  (see 
Chapter  13).  The  accuracy  of  the  12-hour  urine  collection  vas  not  assessed 
during  the  1985  examination. 

Renal  data  analyses  paralleled  the  Baseline  analysis  except  for  deleting 
one  of  the  dependent  variables  and  a  composite  analysis,  adding  the  covariate 
of  race,  and  defining  the  covariate  of  diabetic  class  as  diabetic,  impaired, 
or  normal.  No  clinical  exclusion  categories  applied  to  the  renal  analysis. 
Minor  numerical  differences  in  the  tables  are  due  to  rare  missing  dependent 
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variable  or  covariate  data.  Adjusted  statistical  analyses  using  the  above 
covariates  were  based  on  1,016  Ranch  Hands  and  1,293  Comparisons  and  used 
logistic  regression  and  analysis  of  covariance  methods.  Vhen  age  was  used  as 
a  covariate  in  the  logistic  regression  models,  the  continuous  form  was  used 
mathematically,  but  for  summary  table  purposes,  age  is  displayed  as  a 
dichotomy.  Parallel  analysts  using  the  Original  Comparisons  can  be  found  in 
Appendix  C  (see  Tables  0-3  through  0-5).  Tests  of  association  between 
dependent  variables  and  covt.? *tes  emphasized  Fisher's  exact  test  and 
Pearson's  chi-square  vest  for  discrete  dependent  variables  and  t-tests  and 
analysis  f  variance  techniques  for  continuous  dependent  variables. 


RESULTS  AMO  DISCUSSION 


Questionnaire  Data 


History  of  renal  disease  was  assessed  by  a  self-administered  reviev-of- 
systems  question  list  at  the  pi  •  ’  *al  examination.  Specific  structured 
questions  on  renal  disease  were  n<'‘  incorporated  in  the  NORC  questionnaire. 

The  review- of -systems  questions,  i.e.,  "kidney  trouble?"  "kidney  stones?"  were 
open-ended  with  respect  to  time,  and  reflected  conditions  that  arose  at  any 
time  in  the  past. 

These  questionnaire  data  did  not  show  a  significant  difference  between 
the  Ranch  Hand  and  Comparison  groups,  as  reflected  by  the  analysis  in 
Table  17-1. 

Tests  of  association  between  the  historical  presence  of  kidney  disease  in 
both  groups  and  the  covariates  of  race,  occupation,  diabetes,  and  age  are 
given  in  Table  17-2. 


TAB LB  17-1. 

Unadjusted  Analysis  of  History  of 
Kidney  Disease/Kidney  Stones  by  Group 


History  of  Kidney  Disease/Stones 
_ Yes _  _ No _ 

Est.  Relative 


Group 

Number 

Percent 

Number 

Percent 

Total 

Risk 

(95*  C.I.) 

p-Value 

Ranch  Hand 

94 

9.3 

920 

90.7 

1,014 

0.93 

(0.70,1.23) 

0.619 

Comparison 

128 

9.9 

1,163 

90. 1 

1,291 
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TABLE  17-2. 


Association  Between  Kidney  Disease/Kidney  Stones 
and  Age,  Race,  Occupation,  and  Diabetic  Class  in  the 
Combined  Ranch  Hand  and  Comparison  Groups 


History  of  Kidney  Disease/Stones 
Yes  No 


Covariate 


Covariate 

Category 

Number 

Percent 

Number 

Percent 

Total 

p-Value 

Age 

Born  £1942 

66 

6.9 

894 

93.1 

960 

<0.001* 

Born  <1942 

156 

11.6 

1,189 

88.4 

1,345 

Race 

Nonblack 

214 

9.9 

1,949 

90.1 

2,163 

0.106* 

Black 

8 

5.6 

134 

94.4 

142 

Occupation 

Officer 

Enlisted 

83 

9.6 

781 

90.4 

864 

Flyer 

Enlisted 

36 

9.3 

350 

90.7 

386 

0.969b 

Groundcrev 

103 

9.8 

952 

90.2 

1,055 

Diabetic* 

Diabetic 

14 

8.0 

161 

92.0 

175 

Class 

Impaired 

41 

14.5 

242 

85. 5 

283 

0.011b 

Normal 

166 

9.0 

1,677 

91.0 

1,843 

‘Fisher's  exact  test. 
bPearson's  chi-square  test. 

*Unable  to  classify  four  participants,  due  to  missing  2-hour  postprandial 
glucose  level  and  no  historical  evidence  of  diabetes. 


These  results  shoved  that  there  vas  no  significant  effect  due  to  race  or 
occupation.  In  contrast,  there  vas  a  significant  effect  due  to  diabetic  class 
(p-0.011),  vith  participants  in  the  impaired  diabetic  class  having  a  sig¬ 
nificantly  higher  proportion  of  past  kidney  disease  than  those  in  the  normal 
or  diabetic  classes.  Older  participants  also  had  a  significantly  higher 
history  of  past  renal  events  than  younger  participants  (p<0.005). 

A  logistic  regression  analysis  of  the  history  of  kidney  disease  and 
kidney  stones  using  the  above  four  covariates  gave  a  result  very  similar  to 
the  unadjusted  analysis  (Adj.  RRs  0.95,  95X  C.I.s  (0. 71,1.25],  p-0.693). 

Race  and  occupation  vere  not  significant  covariates.  Bovever,  diabetic  class 
and  age  vere  significant  covariates  (p-0.041  and  p<0.001,  respectively). 

These  analyses  shoved  that  there  vas  no  difference  in  the  history  of 
renal  disease  between  the  Ranch  Hand  and  Comparison  groups,  and  that  the 
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proportions  of  past  kidney  disease  and  kidney  stones  vere  significantly 
influenced  by  age  and  < iabetic  class.  Vhile  these  findings  are  consistent 
vith  traditional  expectations  in  renal  disease,  they  vere  in  direct  contrast 
to  the  findings  of  the  1982  Baseline  examination,  which  revealed  a  significant 
excess  of  historical  kidney  disease  in  the  Ranch  Hand  group,  and  group  data 
that  vere  not  influenced  by  age  or  glucose  levels. 

It  is  concluded  that  there  vere  no  significant  group  differences  in  past 
renal  disease. 


Physical  Examination  Data 

No  physical  examination  procedures  vere  used  to  evaluate  the  renal  system 
as  most  procedures  are  invasive  and  beyond  the  scope  of  this  voluntary 
examination.  Accordingly,  the  renal  system  vas  evaluated  primarily  by 
laboratory  data. 


Laboratory  Data 

Five  renal  variables  vere  quantitated  by  general  laboratory  procedures  to 
assess  nonspecific  renal  system  function.  The  presence  or  absence  of  urine 
protein  vas  determined  by  standard  reagent  strip  testing.  Hematuria  and 
leukocyturia  vere  measured  by  high-pover  microscopic  examination  after 
centrifugation  for  b  minutes.  Urine  specific  gravities  vere  measured  by  Ames' 
Multisticks;  those  urines  exceeding  normal  limits  vere  remeasured  by 
standardized  refracometers.  BUN  levels  vere  assayed  by  a  DuPont  Automated 
Chemical  Analyzer,  model  500.  The  SCRF  laboratory  normal  values  from  these 
varicbles  are  given  in  Table  17-3. 


TABLE  17-3. 

Laboratory  Norms  for  Five  Renal  Variables 


Renal  Variable  Normal  Abnormal 


Urine  Protein 
Occult  Blood 
VBC/HPF 
BUN  (rag/dl) 
Specific  Gravity 


Absent 

Absent 

<2 

7-22 

1.005-1.03 


Fresent 
>1  RBC/HPF 
>2 
>23 

<1.004 


In  this  section,  urinary  protein,  hematuria,  and  leukocyturia  vere 
analyzed  as  discrete  variables,  vhereas  BUN  and  urine  specific  gravity  vere 
analyzed  as  continuous  variables.  The  number  and  percent  of  subjects  vith 
abnormal  values  for  the  discrete  variables  are  displayed  in  the  summary 
Table  17-4,  along  vith  the  number  of  participants,  the  unadjusted  means,  and 
standard  errors  of  the  continuous  variables. 
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TABLE  17-4. 


Su— ary  of  Renal  Laboratory  Variables  by  Group 


Group 


Ranch  Hand 

Comparison 

Number  Percent 

Number  Percent 

Unadjusted 

Renal  Variable 

Abnormal 

Abnormal 

Abnormal  Abnormal 

p-Value 

Urine  Protein 

37 

3.6 

40  3.1 

0.485 

Occult  Blood 

182 

17.9 

208  16.1 

0.239 

VBC/HPF 

102 

10.0 

107  8.3 

0.145 

Unadj us ted 

Unadjusted 

Mean 

Standard 

Mean  Standard 

Unadjusted 

Renal  Variable 

(Sample  Size) 

Error 

(Sample  Size)  Error 

p-Value 

BUN  (mg/dl) 

14.21*  (1,016) 

„ 

14.30*  (1,293) 

0.554 

Specific  Gravity 

1.0157  (1,016) 

0.0002 

1.0152  (1,292)  0.0002 

0.082 

♦Arithmetic  mean  calculated  on  square  root  scale  and  transformed  to  original 
units. 

— Standard  error  not  given,  since  analysis  performed  on  square  root  scale. 


The  folloving  statistical  power  statements  apply  to  several  variables 
displayed  in  Table  17-4.  At  a  standard  a  -level  of  0.05  and  a  pover  of 
0.80,  the  sample  sizes  were  sufficient  to  detect  a  1.28-fold  increase  in  the 
frequency  of  percent  abnormal  values  for  urinary  occult  blood,  and  a  1.43-fold 
increase  in  the  percentage  of  leukocyturia,  both  over  that  observed  in  the 
Comparison  group.  Further,  the  sample  sizes  were  adequate  to  reveal  a 
2.9  percent  mean  shift  in  the  BUN  value  relative  to  the  mean  observed  in  the 
Comparison  group. 


Urinary  Protein 

As  displayed  in  Table  17-4,  the  Ranch  Hand  group  had  a  prevalence  rate  of 
urinary  protein  of  3.6  percent  versus  3.1  percent  in  the  Comparison  group 
(Est.  RR:  1.18,  95%  C.I.:  [0.75,1.86],  p«0.485).  This  difference  vas  not 
significant. 

Tests  of  association  were  conducted  with  pooled  participant  data  using 
the  covariates  of  race,  occupation,  diabetic  class,  and  age.  These  tests  are 
presented  in  Table  17—5 . 


TABLE  17-5. 


Association  Between  Urinary  Protein  and  Age,  Race, 
Occupation,  and  Diabetic  Claaa  in  tha 
Coabinad  Ranch  Band  and  Comparison  Groups 


Presence  of  Urinary  Protain 
Yes  No 


Covariata 

Covariate  Catsgory  Number  Percent  Nuabar  Percent  Total  p-Value 


Age 

Born  >1942 

34 

3.5 

Born  <1942 

43 

3.2 

Race 

Nonblack 

65 

3.0 

Black 

12 

8.4 

Occupation 

Officer 

Enlisted 

18 

2.1 

Flyer 

Enlisted 

11 

2.8 

Groundcrev 

48 

4.5 

Diabetic* 

Diabetic 

20 

11.4 

Class 

Impaired 

18 

6.4 

Normal 

39 

2.1 

927 

1,304 

96.5 

96.8 

961 

1,347 

0.641' 

2,100 

131 

97.0 
91.  b 

2,165 

143 

0.002' 

845 

97.9 

863 

376 

97.2 

387 

0.0101 

1,010 

95.5 

1,058 

155 

264 

1  308 

88.6 

93.6 

97.9 

175 

282 

1,847 

<0.001 

‘Fisher's  exact  test. 
b Pearson's  chi-square  test. 

Mlnable  to  classify  four  participants,  due  to  hissing  2-hour  postprandial 
glucose  level  and  no  historical  evidence  of  diabetes. 


Tnese  results  suggested  no  age  effect,  but  significant  associations  for 
the  covariates  of  race  (p-0.002),  occupation  (p»0.010),  and  diabetic  class 
(p<0.001)  vera  noted.  The  significant  covariate  effects  ware  attributable  to 
higher  percentages  of  urinary  protein  abnoraalities  in  Blacks  versus  non¬ 
blacks,  enlisted  groundcrev  versus  officers  or  enlisted  flyers,  and  diabetes 
(past  history  (unverified]  or  greater  than  or  equal  to  200  ng/dl  glucose) 
versus  impaired  glucose  tolerance  (at  least  140  but  less  than  200  ag/dl 
glucose)  versus  normal  glucose  tolerance  (less  than  140  ag/dl  glucose). 

The  prevalence,  rates  of  urinary  protein  abnoraalities  vere  adjusted  by 
logistic  regression  models  using  the  above  four  covariates.  Race  and  occu¬ 
pation  demonstrated  significant  effects  (p»0.023  and  p-0.023,  respectively), 
while  age  did  not  (p»0.294).  Because  of  a  significant  interaction  betveen 
group  and  diabetic  class  (p-0.047),  stratified  analyses  were  conducted  to 
provide  lurther  clarification.  The  results  are  shown  in  Table  17-6. 


17-7 


The  adjusted  relative  risk,  95  percent  confidence  interval,  and  group 
p- value  for  each  diabetic  class  are  shovn  in  Table  17-7. 

TABLE  l?-6. 

Frequency  of  Urinary  Protein  by  Diabetic  Class  and  Group 


Presence  of  Urinary  Protein 
Yea  _  No 


Diabetic  Class  Group  Nuaber  Percent  Nuaber  Percent  Total 


Diabetic 

Ranch  Hand 

7 

9.0 

71 

91.0 

78 

Comparison 

13 

13.4 

84 

86.6 

97 

Impaired 

Ranch  Hand 

5 

4.7 

101 

95.3 

106 

Coaparison 

13 

7.4 

163 

92.6 

176 

Noraal 

Ranch  Hand 

25 

3.0 

807 

97.0 

83! 

Comparison 

14 

1.4 

1,001 

98.6 

1,015 

TABLE  17-7. 

Adjusted  Relative  Risks  for  Uri^xry  Protein 
by  Diabetic  Class 

Adjusted 

Diabetic  Class  Relative  Risk  951'  C.I. 

p-Value 

Diabetic 

0.66 

(0.25,  1.77) 

0.414 

lapaired 

0.66 

(0.23,  1.93) 

0.453 

Norma] 

2.23 

(1.15,  4.32) 

0.018 

This  analysis  shoved  that  the  estiaated  prevalence  of  urinary  protein  is 
lover  in  the  Ranch  Hand  group  than  in  the  Coaparison  group  for  the  diabetic 
and  glucose-iapaired  strata.  Conversely,  for  the  noraal  diabetic  class,  the 
Ranch  Hand  group  aanifested  a  significant  increased  prevalence  of  positive 
urinary  protein  as  contrasted  vith  the  Coaparison  group. 

These  follovup  examination  results  vere  different  froa  the  1982  Baseline 
examination,  vhich  shoved  significantly  aore  proteinuria  in  the  Coaparison 
group.  The  prevalence  of  proteinuria  in  the  follovup  examination  vas  about 
75  percent  higher  than  the  prevalence  observed  in  the  Baseline  study.  The 
interaction  of  group  and  diabetic  class  suggested  Ranch  Hand  increases  in 
proteinuria  for  noraal  glucose  tolerance  participants. 
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Urinary  Occult  Blood 

Heaaiuria  was  determined  by  microscopic  axaaination.  Por  both  groups 
coabinad,  the  frequency  distribution  of  RBC  count  data  vast  0  RBC/HPF,  82.15 
percent;  1-2  RBC/HPF,  15.13  percent;  3-5  RBC/HPF,  2.03  percent;  and  greater 
than  5  RBC/HPF,  0.69  percent. 

As  noted  in  Table  17-4,  the  prevalence  of  urinary  occult  blood  in  the 
Ranch  Hand  group  (17. 9X)  vas  slightly  higher  than  the  rate  observed  for  the 
Coaparison  group  (16. IX).  The  unadjusted  analysis  shoved  no  significant 
group  differences  for  occult  blood  (Est.  RR:  1.14,  95Z  C.I.s  [0.91,1.42], 
p-0.239). 

Tests  of  association  vith  the  covariates  of  race,  occupation,  diabetic 
class,  and  age  vere  conducted  using  coabined  group  data  for  urinary  occult 
blood,  and  these  results  are  given  in  Table  17-8. 


TABLE  17-8. 

Association  Betveen  Urinary  Occult  Blood  and  Age,  lace. 
Occupation,  and  Diabetic  Class  in  the  Coabined  Ranch  Hand 
and  Coaparison  Groups 


Presence  of  Urinary  Occult  Blood 
Yes  No 


Covariate 


Covariate 

Category 

Number 

Percent 

Nuaber 

Percent  Total 

p-Value 

Age 

Born  £1942 

148 

15.4 

812 

84.6 

960 

0.115* 

Born  <1942 

242 

18.0 

1,105 

82.0 

1,347 

Race 

Nonblack 

355 

16.4 

1,809 

83.6 

2,164 

0.016* 

Black 

35 

24.5 

108 

75.5 

143 

Occupation 

Officer 

118 

13.7 

745 

86.3 

863 

Enlisted 

Flyer 

76 

19.6 

311 

80.4 

387 

0.005b 

Enlisted 

Grourxdcrev 

196 

18.5 

861 

81.5 

1,057 

Diabetic 

Diabetic 

33 

18.9 

142 

81.1 

175 

Class* 

Iapaired 

52 

18.5 

229 

81.5 

281 

0.296b 

Noraal 

305 

16.5 

1,542 

83.5 

1,847 

* Fisher's  exact  test. 
bPearson's  chi-square  test. 

*Unable  to  classify  four  participants,  due  to  Hissing  2-hour  postprandial 
glucose  level  and  no  historical  evidence  of  diabetes. 
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As  reflected  in  Table  17-8,  there  vas  no  significant  effect  due  to 
diabetic  class  or  age.  Hovever,  Blacks  had  a  significantly  higher  prevalence 
of  urinary  occult  blood  than  nonblacks  (p«0.016),  and  signif leant  effects 
were  also  due  to  occupation  (p«0.005),  vith  officers  having  lover  propor¬ 
tion  of  positive  occult  blood  determinations  than  enlisted  personnel. 

An  adjusted  analysis  of  urinary  occult  blood  proportions  vas  conducted 
by  logistic  regression  techniques.  Multiple  significant  three-factor 
interactions  vere  noted,  e.g.,  group-by-occupation-by-race  (p»0.008),  group- 
by-age-by-diabetic  class  (p*0.045),  and  group-by-occupation-by-diabetic  class 
(p-0.017).  Consequently,  a  series  of  analyses  stratified  by  race  vere 
performed  to  determine  adjusted  relative  risks  for  nonblacks  and  Blacks 
separately.  Tne  adjusted  results  for  nonblack  participants  are  given  in 
Table  17-9. 


TABLE  17-9. 

Adjusted  Analysis  for  Urintny  Occult  Blood  for  Nonblacks  by  Group 

■'resen  *e  of  Urinary  Occult  Blood 
_ Tes  _  _ No 

~~  ”  ~  Summary 

Group  Number  Percent  Nuaber  Percent  Total  Statistics 


Ranch  Hand  166  17.4  789  82.6  955  Ad j .  RR:  1.13 

Comparison  189  15.6  1,020  84.4  1,209  95XC.I.: 

(0.91,1.42), 
p- Values  0.291 


The  covariates  of  occupation  and  age  contributed  significant  effects 
(p<0.001  and  p-0.002,  respectively)  to  this  analysis.  Diabetic  class  vas  not 
significant  (p-0.863),  and  vas  consequently  not  included  in  the  finax  model. 
No  significant  group  differences  vere  found  (p»0.291). 

Table  17-10  shovs  the  frequences  for  Black  participants. 

The  adjusted  analysis  of  the  data  on  Blacks  shoved  a  significant  inter¬ 
action  of  group  and  occupation  (p-0.002).  Table  17-11  presents  frequencies 
and  percents  for  the  presence  of  urinary  occult  blood  for  each  group, 
stratified  by  occupation. 

This  table  demonstrates  that  the  group-by-occupation  interaction  for 
Blacks  vas  due  to  the  Ranch  Hand  officers  having  a  lesser  prevalence  of 
occult  blood  abnormalities  than  Comparison  officers,  vhile  conversely,  Ranch 
Hand  enlisted  personnel  shoved  a  higher  prevalence  of  abnormalities  than 
enlisted  Comparisons.  Because  of  the  absence  of  hematuria  in  Black  Ranch 
Hand  officers,  no  relative  risk  vas  calculated.  Consequently,  the  Black 
enlisted  occupational  categories  vere  combined  and  investigated  further 
through  logistic  regression  techniques.  This  analysis  did  not  shov  a 
difference  of  urinary  occult  blood  percentages  in  the  Ranch  Hand  Black 
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TABLE  17-10. 


Frequency  of  Urinary  Occult  Blood  for  Blacks  by  Group 


Presence  of  Urinary  Occult  Blood 
Tas _  _ No _ 

Group  Nuabar  Parcant  Nuabar  Par cant  Total 


Ranch  Rand  16  26.7  44  73.3  60 

Coaparison  19  22.9  64  77.1  83 


TABLE  17-11. 

Frequency  of  Urinary  Occult  Blood  for 
Blacks  by  Occupation  and  Group 


Prasanca  of  Urinary  Occult  Blood 
Tas  No 


Occupation 

Group 

Number 

Percent 

Number 

Percent 

Total 

Officer 

Ranch  Eand 

0 

0.0 

7 

100.0 

7 

Coaparison 

3 

42.9 

4 

57.1 

7 

Enlisted 

Flyer 

Ranch  Hand 

3 

30.0 

7 

70.0 

10 

Coaparison 

1 

5.9 

16 

94.1 

17 

Enlisted 

Groundcrev 

Ranch  Hand 

13 

30.2 

30 

69.8 

43 

Coaparison 

15 

25.4 

44 

74.6 

59 

enlisted  and  the  Coaparison  Black  enlisted  strata  (Est.  RR:  1.62,  95X  C.I.s 
(C. 73, 3. 63],  (p-0.239).  The  effects  of  age  (p-0.817),  occupation  (p-0.171), 
and  diabetic  class  (p*0. 145)  vara  not  statistically  significant,  and  vara  not 
included  in  the  final  adjusted  analysis. 

In  conclusion,  both  unadjusted  and  adjusted  stratified  analyses  (by 
race)  did  not  reveal  a  consistent  and  plausible  excess  of  hematuria  in  the 
Ranch  Hand  group.  The  tenfold  or  greater  increase  in  the  cross-sectional 
prevalence  of  heaaturia  compared  to  the  Baseline  exaaination  (1.3X  of  ooth 
groups)  to  this  followup  exaaination  nay  be  due  to  a  different  sensitivity  of 
the  laboratory  techniques  of  reagent-strip  testing  versus  microscopic 
observation.  Nonetheless,  an  approximate  prevalence  of  17  percent  hematuria 
merits  reevaluation  at  the  next  follovup  exaaination. 
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Urir.ary  White  Blood  Coll  Count 

Leukocyturia  vas  assessed  by  aicrosccpic  exaainatica.  As  notad  in 
Tabla  17*3,  nora  than  tvo  vhita  blood  calls  par  high-pover  field  (VBC/HPF) 
vara  considered  abnoraal  by  the  SCRF  laboratory.  This  is  in  distinct 
contrast  to  tha  cutpoint  of  fiva  VBC/HPr  usad  at  tha  Basalina  axarination. 

Tabla  17-4  shovs  tha  »roup  frequencies  of  abnoraal  urina  VBC's.  Tha 
unadjustad  analysis  ravaalad  a  nonsignificant  group  affact  (Bst.  PR:  1.24, 

95X  C.I. :  [0.93,1.64],  p-0.143). 

Tasts  of  association  vara  conductad  batvaan  tha  frequency  of  abnoraal 
WBC  counts  in  both  groups  and  tha  covariatas  of  raca,  occupation,  diabatic 
class,  and  aga.  Tha  rasults  ravaalad  a  significantly  highar  prevalence  of 
abnoraal  counts  for  Blacks  than  nonblacks  (p<0.001),  an  offset  dua  to 
occupation  (p«0..23),  vith  a  lovar  pravalanco  of  abnormalities  for  officars 
than  enlisted  parsonnal  and  an  affact  dua  to  diabatic  class  (p-0.046),  vith  a 
lovar  pravalanco  of  abnoraal  VBC  counts  in  the  noraal  diabolic  class  than  in 
cither  tha  iapalred  or  diabatic  classifications.  Aga  vas  noncontributory 
(p-0.308). 

Adjusted  analyses  of  leukocyturia  by  group  vara  parforaad  by  logistic 
regression  techniques.  A  significant  three-vay  interaction  for  group,  age, 
and  raca  vas  detected  (p«0.004),  requiring  further  stratified  analyses.  A 
summary  of  tha  frequencies  lor  nonblacks  is  presented  in  Tabla  17-12. 


TABU  17-12. 

Frequency  of  Urinary  VBC/BPF 
for  Nonblacka  by  Group 


Urinary  VBC/BPF 
Abnoraal  Noraal 


Group  Nuaber  Percent  Nuaber  Percent  Total 


Ranch  Hand  92  °.6  864  90.4  956 

Cuaparison  88  7.3  1  121  92.7  1,209 


The  logistic  regression  adjustment  of  tha  data  for  nonblccks  shoved 
significant  covariate  ef*ects  vor  occupation  (p-0046)  and  diabetic  class 
(p-O.OHl),  and  c  significant  interaction  batvaan  group  and  aga  (p-0.018). 
Consequently,  additional  analyses  vara  conducted  stratifying  £y  aga  (born  in 
or  after  1942,  ^ern  before  1942),  and  ara  shovn  in  Tabla  17-13, 
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TABLE  17-13. 


Adjusted  Analyse*  for  Urinary  VBC/HPP  for  Nonblacks 
by  Age  Category  and  Group 


Urinary  VBC/HPP _ 

Abnormal _ Normal 

Summary 


Age 

Group 

Number 

Percent 

Number 

Percent 

Total 

Statistics 

Born  £1942 

Ranch  Band 

41 

10.8 

339 

89.2 

380 

Adj.  RR:  2.42 

Comparison 

24 

4.8 

478 

95.2 

502 

95X  C.I.s  (1.43,4.09) 
p- Value:  0.001 

Born  <1942 

Ranch  Rand 

51 

8.9 

525 

91.1 

576 

Adj.  RR:  0.99 

Comparison 

64 

9.1 

643 

90.9 

707 

95X  C.I.:  (0.67,1.46) 
p-Value:  0.956 

As  depicted  by  the  abov*  table,  the  adjusted  rate  of  nonblack  young 
Ranch  Rands  vith  abnormal  urinary  white  blood  cell  counts  was  significantly 
greater  than  that  for  nonblack  Comparisons  (p-0.001  adjusted  for  occupation 
and  diabetic  class).  Demonstrating  the  interaction  involving  age  and  group, 
the  adjusted  rate  of  nonblack  older  Ranch  Bands  vith  abnormal  urinary  VBC 
counts  was  nonsignificant  and  less  than  older  nonblack  Comparisons  (p-0.956 
adjusted  for  occupation  and  diabetic  class). 

Similar  analyses  were  conducted  for  Black  participants.  Rates  of  abnor¬ 
mal  urinary  vhite  blood  cell  count  levels  vere  16.7  percent  and  22.9  percent 
(n-60  and  83)  for  Black  Ranch  Hands  and  Black  Comparisons,  respectively. 
Significant  interactions  involving  group  and  occupation  (p-0.002)  and  group 
and  age  (p-0.001)  vere  found.  Additional  analyses  stratified  by  occupation 
vere  performed.  Frequencies  stratified  by  occupation  are  shown  in 
Table  17- 1A. 

This  table  clearly  shovs  hov  the  proportions  of  VBC  abnormalities  vary 
by  group  vithin  the  various  occupational  categories.  Bovever,  because  of  the 
lack  of  abnormalities  in  the  Black  Ranch  Band  officer  stratum,  an  adjusted 
relative  risk  vas  not  calculated  for  this  occupation.  Thus,  Black  enlisted 
categories  vere  combined  and  subjected  to  further  logistic  regression 
techniques.  The  analysis  shoved  yet  another  interaction,  betvean  group  and 
age  (p-0.026),  requiring  an  additional  stratification  by  age.  Results  of 
these  analyses  are  presented  in  Table  17-15. 
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TABJ8  17-14. 


Frequency  of  Urinary  VBC  for  Blacks 
by  Occupational  Category  and  Group 


Urinary  VBC/BPF  Count 


Abnormal 

Normal 

Occupation 

Croup 

Number 

Percent 

Number 

Percent 

Total 

Officer 

Ranch  Hand 

0 

0.0 

7 

100.0 

7 

Comparison 

2 

28.6 

5 

71.4 

7 

Enlisted 

Ranch  Hand 

3 

30.0 

7 

70.0 

10 

Flyer 

Conparison 

3 

17.6 

14 

82.4 

17 

Enlisted 

Ranch  Hand 

7 

16.3 

36 

83.7 

43 

Groundcrev 

Conparison 

14 

23.7 

45 

76.3 

59 

TABLB  17-15. 

Ad jus tod  Analyses  for  Urinary  VBC/HPF  for  Black 
Enlisted  Flyers  and  Ground crev  by  Age  and  Group 


Urinary  VBC/BPF  Count 
Abnormal _ Horaal 

Sunnary 


Age 

Group 

Number 

Percent 

Number 

Percent 

Total 

Statistics 

Born 

£1942  Ranch  Hand 

4 

13.8 

25 

86.2 

29 

Adj.  RR:  0.41 

Conparison 

13 

28.3 

33 

71.7 

46 

95X  C.I.s  (0.12,1.40) 
p- Value:  0.153 

Born 

<1942  Ranch  Band 

6 

25.0 

18 

75.0 

24 

Adj.  RR:  2.17 

Conparison 

4 

13.3 

26 

86.7 

30 

95X  C.I.:  (0.53,8.79) 
p- Value:  0.279 

In  the  presence  of  reletively  sea 11  staple  sixes,  these  results 
demonstrated  that  the  prevalence  of  abnormal  urinary  vhite  cell  counts  in 
Black  enlistvd  personnel  did  not  vary  significantly  by  group  for  either  age 
category,  although  the  reversal  of  group  proportions  for  different  ages  was 
proainent  and  fully  reflective  of  the  group-by-age  interaction.  It  is  noted 
that  the  Black  group-by-age  interaction  is  opposite  the  nonblack  group-by-age 
interaction  (see  Table  17-13),  explaining  the  significant  three-vay 
interaction  involving  group,  age,  and  race. 

In  summary,  the  unadjusted  analysis  of  urinary  VBt/HP?  abnormalities 
shoved  no  group  differences,  but  the  adjusted  analyses  shoved  significant 
effects  for  diabetic  class  and  occupation  for  nonblack  enlisted  participants, 
and  a  groqp-by-aga  interaction  for  both  Black  and  nonblack  enlisted  partici¬ 
pants.  Only  for  younger  nonblack  participants  vas  a  significant  group  effect 
seen  (Ranch  Bands>Coaperisons) . 

The  observations  froa  this  examination  vere  consistent  vith  the  negative 
Baseline  findings. 


Blood  Urea  Nitrogen  (BUM) 

BUN  vas  analyzed  as  a  continuous  variable  using  tvo  sample  t-tests, 
analysis  of  variance,  and  analysis  of  covariance  techniques.  The  data  vere 
transformed  to  the  square  root  scale  for  analysis.  Adjusted  analyses  used 
the  coveriates  of  race,  occupation,  diabetic  class,  and  age,  as  in  analysis 
of  discrete  dependent  variables. 

As  noted  in  Table  17-4,  unadjusted  group  suaaary  statistics  revealed  no 
significant  differences  in  mean  BUN  levels  (p«0.S54).  The  groups  vere 
coabined  and  contrasted  to  the  covariates,  and  results  a;:e  > resented  belov. 

These  tests  of  covariate  association  shoved  a  significant  racial  effect 
(p-0.007),  vith  a  higher  mean  BUN  level  for  nonblacks  than  Blacks;  a 
significant  effect  for  occupation  (p<0.001),  vith  officers  having  a  higher 
mean  level  than  both  enlisted  categories;  a  significant  age  effect  (p<0.001), 
vith  a  higher  mean  BUN  level  for  older  than  for  younger  participants;  and  a 
marginally  significant  (p-0.059)  difference  due  to  diabetic  class,  vith 
participants  in  the  iapaired  category  having  the  highes**  mean  BUN  level. 

An  analysis  of  covariance  using  the  above  four  covariatas  demonstrated 
the  significant  effects  of  age  (p<0.001),  occupation  (p>0.015),  and 
significant  group-by-race  (p«0.022)  and  race-by-diabetic  class  (p»0.024) 
interactions. 

Table  17-16  presents  mean  BUN  values,  adjusted  by  the  covariates  and 
covariate  interactions,  stratified  by  race.  Test  results  for  the  equality  of 
adjusted  aeans  betveen  groups  are  given  in  the  p-value  column. 

As  noted  froa  this  table,  Black  Comparisons  had  a  significantly  higher 
adjusted  mean  BUN  level  than  Black  Ranch  Hands  (p»0.017),  and  there  vas  no 
group  difference  for  nonblacks. 

These  results  vere  analogous  to  the  findings  at  the  Baseline  examination 
(although  race  vas  not  used  as  a  covariate),  i.e.,  no  detriment  to  the  Ranch 
Hand  group  and  a  significant  covariate  effect  of  age. 
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TABLE  17-16. 


Adjusted  Analysis  of  BUN  by  Race  and  Group 


Adjusted 


Race 

Group 

Total 

Mean* 

p-Value 

Nonblack 

Ranch  Hand 

956 

14.15 

0.907 

Comparison 

1,206 

14.17 

Black 

Ranch  Hand 

60 

12.40 

0.017 

Comparison 

83 

13.75 

♦Converted  from  square  root  scale. 


Urinary  Specific  Gravity 

The  unadjusted  means  of  the  urine  specific  gravity  disclosed  a 
marginally  significant  difference  between  the  Ranch  Hand  and  Comparison 
groups  (p-0.082).  The  summary  statistics  of  the  unadjusted  analysis  are 
given  in  Table  17-4. 

By  t-tests  and  analysis  of  variance,  tests  of  association  vere  performed 
it  the  comoined  groups  using  the  covariates  of  race,  occupation,  diabetic 
class,  and  age.  These  tests  shoved  a  significant  effect  of  occupation 
(pCO.OOl),  with  officer?  having  the  lowest  mean  urine  specific  gravity  and 
the  ».ilisted  groundcrev  category  having  the  highest,  and  a  significant  effect 
(p«0.018)  due  to  diabetic  class,  with  the  diabetic  category  having  the 
highest  specific  gravity  and  the  normal  (nondiabe  .ic)  class  having  the  lowest 
mean  value.  The  effects  of  age  a:  race  vere  not  statistically  significant 
(p-0.382  anu  o-H.065,  respectively:. 

An  analysis  of  c  ‘variance  with  these  four  covariates  shoved  significant 
effects  due  to  diabec-c  class  (p»0.019),  and  significant  group-by-race 
(p-0.017)  and  group-by- >ccupat  on  (p-0.034)  interactions.  Adjusted  group 
mean  specific  gravities  vere  stratified  by  race  and  by  occupation.  The 
results  are  presented  in  the  summary  Table  17-17. 

These  stratified  group  data  shoved  a  difference  for  nonblack  enlisted 
groundcrev,  but  Comparisons  had  a  lover  adjusted  mean  urine  specific  gravity 
level  than  Ranch  Hands  (lov  specific  gravity  representing  renal  dysfunction). 

No:evorthy  is  the  contrast  of  results  betveen  this  follovup  examination 
and  the  Baseline  examination  in  1982.  Thn  urine  specific,  gravities  of  the 
follovup  examination  appeared  to  be  very  substantially  lover  than  those  of 
the  Baseline.  A  probable  explanation  vas  the  difference  in  methods  of 
asses -rug  specific  gravity.  .tt  the  Baseline,  the  Ames'  Clinilab  automated 
procedure  (falling  drop)  vas  used,  as  contrasted  to  the  Ames'  Multistick 
procedure  at  the  follovup.  Bolt--  eA*minations  used  specimens  obtained  early 
or  the  second  ev  aination  day,  *nd  did  not  use  aliquots  of  12-  or  24-hour 
urine  collections  that  vere  used  for  the  porphyrin  analyses.  Although  the 


17-16 


TABLE  17-17. 


Adjusted  Analysis  of  Urine  Specific  Gravity 
by  Race,  Occupation,  and  Group 


Adjusted 


Race  Occupation 

Group 

Total 

Mean 

P-Value 

Nonblack  Officer 

Ranch  Hand 

373 

1.0153 

0.734 

Comparison 

474 

1-0151 

Enlisted 

Ranch  Hand 

167 

1.0158 

0.631 

Flyer 

Comparison 

193 

1.0161 

Enlisted 

Ranch  Hand 

416 

1.0174 

<0.001 

Groundcrew 

Comparison 

538 

1.0157 

Black  Officer 

Ranch  Hand 

7 

1.0158 

0.462 

Comparison 

7 

1.0186 

Enlisted 

Ranch  Hand 

10 

1.0144 

0.624 

Flyer 

Comparison 

17 

1.0158 

Enlisted 

Ranch  Hand 

43 

1.U62 

0,157 

Groundcrev 

Comparison 

59 

1.0183 

covariate  effect  of  age  upon  specific  gravity  wa  not  cuserved  at  the 
follovup  as  it  had  been  at  the  Baseline,  both  examinations  demonstrated  the 
marked  effect  of  diabetes  upon  specific  gravity,  i.e.,  a  1  ghsr  specific 
gravity  was  detected  in  diabetics  than  in  nondir!: sties. 


EXPOSURE  INDEX  ANALYSES 

Exposure  index  analyses  were  conducted  vithin  each  occupational  cohort 
of  the  Ranch  Hand  group  to  search  for  dose-response  relationships  (see 
Chapter  8  for  details  on  the  exposure  index).  The  variables  of  kidney 
disease,  urinary  protein,  urinary  occult  blood,  and  urinary  vhite  bicod  cell 
count  were  investigated  (unadjusted  for  any  covariates)  using  Pearson's 
chi-square  test  and  Fisher's  exact  test.  Adjusted  analyses  vere  performed  by 
logistic  regression  for  these  variables,  using  age,  race,  diabetic  class,  and 
any  significant  pairwise  interactions  between  the  exposure  index  and  these 
covariates.  Overall  significance  in  the  proportion  of  abnormalities  among 
the  exposure  index  levels  of  low,  medium,  and  high  vss  determined,  as  well  as 
contrasts  of  the  proportion  of  abnormalities  bstveen  medium  and  low  exposure 
levels,  and  between  the  high  and  low  exposure  levels.  Age  was  used  as  a 
continuous  variable  ir.  the  adjusted  analyses,  and  dichotomized  (born  in  or 
after  1942,  born  before  1942)  when  age  vas  involved  in  an  interaction  with 
the  exposure  index. 
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Analyses  of  mean  blood  urea  nitrogen  and  urine  specific  gravity 
(continuous  variables)  were  performed,  unadjusted  for  any  covariates  or 
interactions,  using  analysis  of  variance  techniques  and  t-tests.  Analysis  of 
covariance  models  were  used  in  adjusted  analyses.  Contrasts  of  medium  versus 
low  exposure  and  high  versts  lov  exposure  vere  also  studied.  A  square  root 
transformation  was  applieu  to  the  blood  urea  nitrogen  data. 

Results  of  the  adjusted  analyses  fer  these  six  variables  are  presented 
in  Tables  17-18  and  17-19,  and  counterpart  results  for  unadjusted  analyses 
are  presented  in  Table  0-1  of  Appendix  0.  Results  from  further  investigation 
of  exposure  index-by-covariate  interactions  are  given  in  Table  0-2  of 
Appendix  0. 

Unadjusted  analyses  revealed  no  significant  differences  among  exposure 
index  levels  for  any  occupation.  Further  investigation  of  these  variables, 
for  which  the  medium  versus  lov  and  the  high  versus  low  contrasts  were  also 
examined,  revealed  only  two  variables  having  borderline  significance:  kidney 
disease  in  enlisted  flyers,  high  versus  low  (Est.  RR:  0.25,  95%  C.I.: 
[0.05,1.26],  p«0.091),  and  urinary  occult  blood  in  enlisted  groundcrev,  high 
versus  low  (Est.  RR:  1.77,  95%  C.I.:  [1.00,3.13],  p-0.061).  The  results  for 
urinary  occult  blood  in  enlisted  groundcrev  supported  an  increase  in  the 
proportion  of  abnormalities  from  lov  to  high  exposure,  whereas  the  kidney 
disease  data  shoved  the  opposite  effect. 

The  frequency  of  abnormalities  (or  mean  levels  closer  to  the  abnormal 
range  for  continuous  variables)  for  the  different  exposure  index  levels 
exhibited  no  graduated  pattern  across  exposure  levels.  The  number  of 
combinations  for  which  the  medium  exposure  level  had  the  smallest  proportion 
of  abnormalities  (or  more  abnormal  mean  level)  was  greater  than  the  other 
exposure  levels. 

Adjusted  analyses  revealed  no  significant  differences  among  exposure 
index  levels  for  any  occupational  stratum.  Interactions  were  present  for 
four  of  the  six  variables,  however,  and  vere  observed  in  all  occupations. 

A  summary  of  these  interactions  is  presented  in  Table  17-20. 

No  interaction  patterns  in  either  the  covariates  or  occupations  vere 
observed.  The  only  contrast  observed  approaching  significance  for  an  adverse 
effect  at  higher  exposure  levels  was  observed  for  urinary  protein  (officers 
in  normal  diabetic  class,  high  versus  lov,  p-0.097),  but  this  contrast  was 
highly  affected  by  sparse  cell  sizes  (see  Table  0-2  of  Appendix  0), 

In  summary,  six  renal  variables  showed  no  evidence  of  ail  increasing 
dose-response  relationship  at  the  followup  examination.  No  patterns  in  the 
relationship  of  prevalence  rates  among  the  exposure  index  levels  vere  seen 
within  occupational  3trata.  The  exposure  index  level  patterns  observed  at 
the  Baseline  examination  for  kidney  disease  in  the  enlisted  flyer  stratum 
were  not  seen  at  the  first  followup  examination.  Overall,  both  the  Baseline 
<L.nd  followup  examinations  showed  very  little  evidence  of  a  dose-response 
relationship. 
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Adjusted  Categorical  Exposure  Index  Analyses  for  Renal  Variables  by  Occupation 
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Groundcrev  M  vs.  L  ****(2)  ****(2) 

B  vs.  L  ****(2)  ****(2) 


Adjusted  Categorical  Exposure  Index  Analyses  for  Renal  Variables  by  Occupation 
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Adjusted  Continuous  Exposure  Index  Analyses  for  tonal  Variables 


17-21 


TABLE  17-19.  (continued) 
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TABLE  17-20. 


Summary  of  Bxpoaur.  Index- by -Cover ia to 
Interactions  for  Renal  Variables 


Variable 

Occupation 

Covariate 

p-Valuo 

Urinary  Protein 

Officer 

Diabetic  Class 

0.004 

Urinary  Protein 

Enlisted  Groundcrev 

Brea 

0.023 

Urinary  Occult  Blood 

Enlisted  Groundcrev 

Ape 

0.032 

Urinary  Vhite  Blood 
Cell  Count 

Enlisted  Flyer 

Age 

0.015 

Urinary  Vhite  Blood 
Cell  Count 

Enlisted  Flyer 

Diabetic  Class 

0.029 

Blood  Urea  Nitrogen 

Officer 

Race 

0.009 

LONGITUDINAL  ANALYSES 

One  variable,  the  BUN  level,  was  used  to  assess  longitudinal  differences 
betveen  the  1982  Baseline  examination  and  the  1985  follovup  examination. 

This  variable  vas  selected  from  the  five  renal  assays  because  it  vas  judged 
that  serial  BUN  levels  vould  be  morn  indicative  of  long-term  renal  health 
than  the  others;  further,  both  examination  measurements  were  made  by  the  same 
high-precision  automated  analyzer,  permitting  a  more  valid  comparison.  Other 
commentary,  contrasting  general  results  of  the  other  four  renal  variables  to 
the  Baseline,  has  been  made  for  each  variable  above. 

BUN  vas  analyzed  as  a  continuous  variable  by  repeated  aeasureaants 
analysis  of  variance  (see  Chapter  7,  Statistical  Methods).  A  square  root 
transformation  vas  used.  The  data  verc  not  adjusted  by  covariates.  The 
sample  base  for  this  analysis  vas  the  number  of  participants  vho  attended 
both  examinations;  the  results  are  given  in  Table  17-21. 

These  data  indicated  a  slight  and  relatively  symmetrical  increase  in  the 
BUN  level  in  both  groups.  Based  upon  longitudinal  analyses  of  BUN,  there  vas 
no  evidence  to  assert  a  detriment  in  the  renal  health  of  the  Ranch  Hand 
group. 


SUMMARY  AND  CONCLUSIONS 

A  summary  of  all  renal  variables,  including  unadjusted  and  adjusted 
analyses,  is  displayed  in  Table  17-22. 
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TABLE  17-21 


Longitudinal  Analysis  of  BUN:  A  Contrast  of 
Basal ins  and  First  Follovup  Examination  Laboratory  Moans 


Group 


p-V&Xue 

_ BUN  Moans _  ( Equal  i  ty 

of 

1982  Basolino  1985  Follovup  Total  Difference) 


Ranch  Hand  13.72 

Coaparison  13.93- 


14.21 

14.30 


971 

1,139 


0.48 


TABLS  17-22. 

Overall  Summary  Results  of  Unadjusted  and 
Adjusted  Analyses  for  Renal  Variables 


Variable 

Unadjusted 

Adjusted 

Reported  Kidney  Disease 

NS 

NS 

Urinary  Protein 

NS 

**** 

Urinary  Occult  Blood 

NS 

**** 

Urinary  Leukocytosis 

NS 

BUN 

NS 

Urine  Specific  Gravity 

NS* 

**** 

NS:  Not  significant  (p>0.10). 

NS*:  Borderline  significant  (Q.Cj<p$0. 10) . 
****Group-by-ccveriati8  Interaction. 


€ 
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A  historical  assessment  of  kidney  disaasc/kidney  stones  by  a  reviev-of- 
systeas  questionnaire  shoved  no  significant  differences  between  the  Ranch 
Hand  and  Comparison  groups.  An  adjusted  analysis  did  not  alter  this 
conclusion  as  an  adjusted  relative  risk  of  0.95  (95X  C.I.:  [0.71,1.25], 
p-0.693)  vas  demonstrated.  These  statistics  appeared  to  be  in  marked 
contrast  to  the  Baseline  historical  findings.  Differences  vis-a-vis  the 
Baseline  were  most  likely  due  to  a  difference  in  questionnaire  techniques. 

Current  renal  function  vas  evaluated  by  five  laboratory  variables: 
urine  protein,  occult  blood,  .rine,  white  blood  cell  counts  (VBC's),  blood 
urea  nitrogen  (BUN),  and  urine  specific  gravity.  Invasive  procedures  were 
not  used. 

The  unadjusted  analysis  of  proteinuria  shoved  no  group  differences  (Est. 
RR:  1.18,  95X  C . I - .  [0.75,1.86],  p-0.485),  but  the  adjusted  analysis  shoved 
an  interaction  of  group  and  diabetic  class;  appropriate  stratified  analyses 
revealed  that  the  prevalence  of  proteinuria  vas  lover  in  the  Ranch  Hands  than 
in  the  Comparisons  in  the  diabetic  and  impaired  strata,  but  higher  in  the 
normal  strata  for  the  Ranch  Hands.  These  results  were  in  contrast  to  the 
Baseline  findings,  vhich  shoved  a  marginally  significant  proteinuria  in  the 
Comparison  group  (p-0.055),  and  overall,  lover  prevalence  rates  of 
proteinuria. 

The  unadjusted  prevalence  rates  for  hematuria  vere  similar  for  both 
groups  (Est.  RR:  1.14,  9SZ  C.I.:  [0.91,1.42],  p-0.239).  Three  significant 
interactions  involving  group  membership  and  covariates  precluded  a  direct 
adjusted  comparison  of  the  estimated  prevalence  rates.  Covariate  analyses 
indicated  increased  hematuria  in  Blacks  and  among  enlisted  personnel. 
Ultimately  via  a  series  of  stratified  analyses,  statistical  equivalence  vas 
determined  for  the  Black  enlisted  strata  of  both  groups.  Of  particular  note 
vas  the  approximate  tenfold  increase  in  hematuria  in  both  groups  over  that 
observed  at  Baseline,  a  finding  most  likely  due  to  different  laboratory 
techniques  (reagent-strip  testing  versus  microscopic  observation). 

Similar  results  vere  found  for  leukocyturia,  i.e.,  a  nonsignificant 
unadjusted  analysis  (Est.  RR:  1.24,  95X  C.I.:  [0.93,1.64],  p-0.145),  and  a 
significant  three-vay  interaction  (group,  age,  race)  in  the  adjusted 
analysis.  Significant  covariate  effects  vere  noted  for  diabetic  class  and 
occupation  for  nonblack  participants,  vhereas  age  vas  a  significant  adjusting 
variable  for  Blacks.  A  significant  group  difference  vms  found  only  for  the 
younger,  nonblack  Ranch  Hands.  The  overall  resu’ ts  vere  consistent  vith  the 
Baseline  findings. 

BUN  levels  did  not  vary  significantly  by  group  (p-0.554,  unadjusted). 
Adjusted  analyses  shoved  significant  covariate  effects  for  age  and  occupation 
and  interactions  for  group  and  race  and  for  race  and  diabetic  class.  An 
analysis  stratified  by  race  revealed  no  significant  group  differences  for 
nonblacks,  but  a  significantly  higher  adjusted  mean  BUN  level  in  Black 
Comparisons  than  in  Black  Ranch  Hands.  Overall,  the  BUN  results  vere  similar 
to  those  observed  at  the  Baseline  examination. 

Urine  specific  gravity  levels  manifested  marginally  significant  group 
differences  (p-0.082, . unadjusted) .  The  adjusted  analysis  disclosed  signifi¬ 
cant  covariate  effects  of  diabetic  class  and  the  interactions  of  group  and 
race  and  group  and  occupation.  Analyses  by  race  shoved  no  strata  with 
significantly  lover  mean  levels  for  Ranch  Hands.  In  contrast  to  the  Baseline 
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values,  tha  follovup  urins  specific  gravities  vara  lover,  a  finding  most 
likely  attributable  to  differences  in  laboratory  methodology  (falling  drop 
nethod  versus  nultistick  procedure). 

Exposure  index  analyses  shoved  very  little  evidence  of  a  dose-response 
relationship  at  the  follovup  exaaination.  No  patterns  in  the  relationship  of 
prevalence  rates  or  aean  levels  among  the  exposure  index  levels  vere  seen 
vithin  occupational  strata. 

The  longitudinal  analysis  vas  based  solely  upon  a  contrast  of  BUN  levels 
betveen  the  tvo  examinations.  The  unadjusted  aean  BUN  value  increased 
slightly  from  the  Baseline  to  the  follovup  exaaination,  but  the  increases 
vere  symmetrical  in  the  tvo  groups  and  nonsignificant  (p-0.48). 

In  conclusion,  none  of  the  six  renal  assessment  variables  shoved  a 
significant  difference  betveen  the  Ranch  Hand  and  Comparison  groups  by 
unadjusted  tests.  Hovever,  in  the  adjusted  analyses,  all  renal  measurements 
except  reported  kidney  disease  revealed  group -by-covariate  interactions. 

These  interactions  vere  often  complex,  making  it  impossible  to  reach  a  firm 
conclusion  as  to  the  presence  of  an  herbicide  effect. 
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CHAPTER  18 


BND0CR1HE  ASSESSMENT 


INTRODUCTION 

The  huaen  endocrine  systea  is  generally  not  thought  to  be  influenced  by 
chlorophenol  or  TCDD  exposure.  This  is  not  so  in  mniaals,  hovever.  A  vide 
range  of  endocrine  abnormalities  in  many  animal  specirs  has  been  induced 
experiaen tally  by  TCDD,  and  includes  hypoglycemia,  hypothyroxineaia, 
reduced  progesterone  levels,  and  increased  testosterone  levels,  the  latter 
presumably  reflecting  decreased  liver  catabolism  due  to  parenchymal  liver 
damage  or  an  inhibition  of  the  cytochrome  P-450  system.4  Purther,  thymic 
atrophy,  one  of  the  most  sensitive  indicators  of  TCDD  toxicity,  has  been 
shovn  not  to  be  mediated  by  the  pituitary-adrenal  axis.  Comparable  animal 
data  for  the  Isolated  effects  of  2,4-D  and  2,4,5-T  have  been  noticeably 
meager . 

Other  animal  studies  have  emphasized  ?he  endocrine  systea,  and  thyroid 
function  in  particular,  as  important  in  causing  or  ameliorating  TCDD  tox¬ 
icity,  and  not  simply  as  an  endpoint  response.  '  Mounting  experimental 
evidence  suggests  that  both  natural  and  radiation- induced  hypothyroidism 
protect  against  TCDD  lethality  and  that  this  favorable  process  can  be  quickly 
reversed  by  treatments  with  T4 . 

If  the  protective  reaction  of  hypothyroidism  in  animals  can  be  extrap¬ 
olated  to  hurans,  it  suggests  that  cases  of  hypothyroidism  or  altered  pat¬ 
terns  of  thyroid  hormones  may  aggregate  in  groups  of  highly  exposed  vorkers 
(particularly  in  those  vith  chloracne)  and/or,  alternatively,  that  severe 
sequelae  of  TCDD  exposure  may  be  associated  vith  hyperthyroidism.  In  fact, 
such  thyroid  findings  have  not  been  commonly  reported  in  dioxin  morbidity 
studies.  Occasional  cases  of  hypothyroidism  and  thyromegaly  have  been  linked 
to  exposures  to  polybroainated  biphenyls  and  hexachlorobensene,  but  the  data 
vere  too  sparse  and  oblique  to  support  a  causal  relationship  for  hypo¬ 
thyroidism  and  TCDD  exposure.  1  An  assessment  of  the  Tines  Beach, 
Missouri,  residents,  vhose  community  was  contaminated  vith  TCDD,  did  not 
reveal  TSH  or  T4  differences  betveen  the  high-  and  lov-risk  groups.  2 

Temporary  glycosuria  and  impaired  glucose  tolerance  tests  vere  noted  in 
tvo  studies  of  industrial  vorkers  exposed  to  TCDD.  Hovever,  neither 

abnormal  glucose  metabolism  nor  frank  diabetes  vas  specifically  noted  in 
other  comparable  studies. 

Overall,  dioxin  morbidity  studies  have  not  rigorously  assessed  the 
clinical  or  biochemical  parameters  cf  the  endocrine  system.  A  detailed 
description  of  endocrine  function  folloving  TCDD  exposure  vas  the  1984  AfHS 
Baseline  Morbidity  Report,  summarized  below. 


Haggling  Summary  Results 


Th«  1982  Baseline  examination  did  not  explore  historical  endocrino¬ 
logical  disorders  by  questionnaire  sufficiently  to  merit  analysis.  Hence,  a 
comprehensive  biochemical  assessment  of  the  endocrine  system  vas  used  for 
analysis. 

Five  measures  of  endocrine  status  were  assessed,  T,  X  Uptake,  T( ,  free 
thyroxine  index  (FTI),  testosterone,  and  2-hour  postprandial  glucose.  Three 
hormones,  follicle  stimulating  hormone,  leutinising  hormone,  and  cortisol, 
and  correlations  of  all  hormones  to  various  fertility  measurements  remain  for 
future  analysis- 

Results  shoved  significant  group  differences  for  T  X  Uptake,  predomi¬ 
nantly  in  Ranch  Hands  40  years  eld  or  las’*,  and  abnormally  lov  T  X  Uptake 
values,  highest  for  those  with  high  percent  body  fat.  No  group  difference 
vas  noted  for  elevated  2-hour  postprandial  glucose  values,  and  as  classically 
expected,  the  prevalence  of  abnormal  values  vas  associated  vith  older  ages 
and  higher  percent  body  fat.  Similarly,  lov  testosterone  levels  vere 
identical  in  both  groups  and  vere  associated  vith  increasing  age  and 
increasing  percent  body  fat.  Higher  mean  testosterone  values  (although  still 
vithin  "normal  range")  vere  significantly  more  prevalent  it:  the  Ranch  Hand 
group.  Significant  mean  shifts  vere  not  noted  for  the  T.  X  Uptake,  T4,  or 
FTI  variable,  although  the  X  Uptake  vas  associated  vith  a  group-by-age 
interaction. 

The  exposure  index  analyses  vere  essentially  negative  for  the  T,  X 
Uptake  and  T  variables.  FTI,  postprandial  glucose,  and  testosterone  analy- 
«s  vere  narked  by  a  series  of  covariate  Interactions  in  varying  occupational 
categories.  Of  some  note  vere  the  significant  percent  body  fat-by-exposure 
interactions  in  tvo  occupational  strata  in  the  glucose  determination. 

In  summary,  the  endocrine  system,  as  measured  by  five  biochemical 
assays,  did  not  reveal  clinically  apparent  abnormalities  that  could  be 
attributed  to  Herbicide  Orange  exposure.  Hovever,  significant  mean  shifts  in 
several  values  (although  still  in  normal  range)  presented  trends  that  vere 
both  consistent  and  conflicting  vis-a-vis  an  herbicide  etiology. 

These  data,  coupled  vith  the  emerging  animal  literature  on  the  profound 
influence  of  the  endocrine  system  on  lethality  and  body  fat  metabolism 
folloving  TCDD  exposure,  clearly  underscore  the  importance  of  evaluating  the 
endocrine  system  more  comprehensively,  as  vas  done  in  the  third-year  fcllovup 
study  in  1985. 


Parameters  of  the  1985  Sndocrlne  Assessment 


The  1985  AFHS  endocrine  test  battery  vas  slightly  altered  from  Baseline 
and  included  T,  X  Uptake,  T5H,  testosterone,  2-hour  postprandial  glucose,  and 
timed  paired  cortisols.  The  100  gram  glucose  lord  var  standardized  by  a 
Glucola4'  challenge  (as  contrasted  to  an  estimated  100  gram  carbohydrate 
breakfast  at  Baseline)  in  preparation  for  a  more  definitive  assessment  of 
diabetes.  Specific  questionnaire  data  on  past  diabetes  and  thyroid  disease 
were  collected  for  assessment. 
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Thus,  the  analyses  o£  endocrine  function  vere  comparable  to  those 
conducted  on  Baseline  data.  Additional  refinements  included  adding  diabetes 
(past  and  current)  as  a  dependent  variable,  and  the  covariates  race  and 
personality  type,  vh en  appropriate.  Continuous  dependent  variables  vere 
dichotomized  into  normal/ abnormal  categories  vhen  necessary  using  the  SCRF 
values  of  normal  range.  Numerous  exclusion  criteria,  e.g.,  thyroidectomy, 
orchiectomy,  supplemental  steroid  medication,  and  diabetes,  vere  used  for 
specific  dependent  variables.  Variations  in  the  numbers  of  observations  in 
the  tables,  therefore,  reflect  these  exclusions  in  addition  to  rare  missing 
data  from  the  dependent  or  adjusting  variables.  Comparable  analyses  using 
the  Original  Comparisons  are  found  in  Tables  P-4  to  P-6  of  Appendix  P. 
Log-linear  models  (BMDP*-4F),  general  linear  models  (SAS*-GLM),  and  logistic 
regression  models  (BMDP*-LR)  formed  the  core  of  the  statistical  approach. 


RESULTS  AND  DISCUSSION 


Questionnaire  Data 

General  screening  questions  on  thyroid  function  and  disease  vere  posed 
to  each  participant.  Tvo  instruments  vere  used:  a  self-administered 
reviev-of-sys terns  form  containing  five  questions  (e.g.,  goiter  or  thyroid 
trouble,  use  of  thyroid  medication?)  and  the  interval  health  questionnaire 
vith  the  single  question,  "thyroid  problems?"  administered  by  a  trained 
interviever.  These  data  are  summarized  in  Table  18-1. 

Table  18-1  shovs  that  past  and  current  thyroid  problems  vary  according 
to  the  interviev  technique;  the  group  difference  in  the  self-administered 
questionnaire  response  v&s  not  significant,  but  the  group  difference  in  the 
interviever-obtained  response  vas  borderline  significant.  The  higher  pro¬ 
portion  of  thyroid  disease  vith  the  reviev-of-sys terns  questionnaire  vas  most 
likely  due  to  the  broader  range  of  prompting  questions  or  interpretation  of 
the  questions  by  the  study  participant. 

Since  the  interviever-administered  questionnaire  contained  medical 
provider  information  for  each  positive  response,  verification  by  medical 
record  reviev  vas  possible.  These  data  are  summarized  in  Table  18-2  and 
demonstrated  equivalent  verification  findings  in  the  Ranch  Hand  and  Compar¬ 
ison  groups.  Thus,  the  relative  absence  of  reported  thyroid  disease  in  the 
Ranch  Hand  group  appears  valid. 


Physical  Examination  Data 


Physical  examination  of  the  endocrine  system  vas  necessarily  limited  to 
manual  palpation  of  the  thyroid  gland  and  the  testes.  Thyroid  abnormalities 
consisted  of  an  enlarged  gland  vith  or  vithout  nodules  or  tenderness ,  vhile 
abnorr  1  testes  vere  noted  for  atrophied  glands.  The  overall  palpation 
resul  are  summarized  in  Table  18-3. 

The  physical  examination  data  for  thyroid  abnormalities  vere  clearly 
supportive  of  the  findings  of  the  questionnaire/reviev  of  systems  analysis. 
The  proportion  of  testicular  abnormalities  (only  atrophy  represented  in  the 
above  analysis)  vas  essentially  equivalent  in  both  groups. 
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TABLE  18-1. 

Unadjusted  Analysis  for  Reporting  of  Thyroid 

Syaptoas/Disease  by  Questionnaire  Method  by  Group 
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TABLE  18-2 


Medical  Record  Verification  Results 
of  Reported  Thyroid  Disease  by  Group 


Grou 


Verification  Status 

Ranch  Hand 

"onsparison 

Number  vith  Reported  Thyroid  Conditions 

7 

21 

Nedical  Records  Reviewed 

7 

21 

Medical  Records  Rending 

0 

0 

Percent  Thyroid  Conditions  Verified 

100 

100 

TABLE  18-3. 

Unadjusted  Analysis  for  Thyroid  and  Testicular 
Conditions  by  Group 


Group 


Variable 

Ranch 

Statistic  Number 

Hand 

Percent 

Comparison 

Number  Percent 

Est.  Relative 
Risk  (95X  C.I.) 

p-Value 

Thyroid* 

n 

1,015 

1,293 

i 

Abnormal 

342 

33.7 

431 

33.3 

1.02  (0.85,1.21) 

0.860  i 

Normal 

673 

66.3 

862 

66.7 

! 

Testicular 

b 

n 

1,002 

1,289 

| 

Abnormal 

26 

2.6 

41 

3.2 

0.81  (0.49,1.34) 

0.454 

Normal 

976 

97.4 

1,248 

96.8 

i 

‘Thyroidectomies  omitted;  thyroid  abnormal  if  palpably  tender  or  enlarged,  or 
if  nodules  present. 


bOrchiectomies  omitted;  testes  abnormal  if  atrophied  (compared  to  normal). 
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Laboratory  Test  Data 


General 

The  collection  of  relatively  scant  endocrinological  data  by  question¬ 
naire  and  physical  examination  techniques  was  due  to  competing  priorities  of 
the  examination  and  to  the  primary  reliance  upon  laboratory  testing  as 
established  by  the  1982  Baseline  examination.  Vith  research-grade  laboratory 
quality  control  and  reasonably  large  sample  sizes ,  it  vas  judged  that  even 
small  mean  shifts  could  be  discerned  in  the  test  variables.  In  the  presence 
of  corroborating  data,  these  shifts  may  be  ascribed  to  an  herbicide  effect 
if,  in  fact,  one  exists. 

The  endocrinological  assessment  centered  upon  analysis  of  laboratory 
data  for  T}  X  Uptake,  TSH,  testosterone,  timed  paired  cortisol  specimens  (tne 
latter  three  assays  conducted  by  radioimmunoassay  [RIA}),  2-hour  postprandial 
glucose,  and  a  composite  indicator  of  past  and  current  diabetes.  Normal 
values  of  these  measurements,  as  determined  by  the  SCRF  Laboratory,  are 
categorized  in  Table  18-4. 

It  is  noted  that  some  of  these  variables  have  associated  "cutpoints” 
that:  differ  considerably  from  those  used  by  the  1982  examining  laboratory. 
Based  upon  the  SCRF  laboratory  norms,  the  endocrinological  variables  dis¬ 
tributed  into  normal  and  abnormal  proportions  as  displayed  in  Table  18-5. 
Unadjusted  Ranch  Hand  and  Comparison  group  means  are  also  provided  for  quick 
contrast. 


TABLE  18-4. 

Laboratory  Endocrinological  Variables: 
SCRF  Normal  and  Abnormal  Ranges 


Variable 

Abnormally  Lov 

Normal 

Abnormally  High 

T,  X  Uptake 

<24% 

24-32% 

>32% 

TSH 

- 

<7.5  uU/ml 

>7.5  uU/atl 

Testosterone 

<270  mg/dl 

270-1,100  mg/dl 

>1,100  mg/dl 

2-Hour  Postprandial 
Glucose 

- 

<140  mg/dl 

>140-<200  mg/dl 
(impaired) 

£200  mg/dl 

(diabetic) 

Cortisol 

<7  ug/dl 

7-25  yg/dl 

>25  ug/dl 
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Unadjusted  Continuous  and  Categorical  Analyses  for  Laboratory 
Endocrinological  Variables  by  Group 
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TABLE  18-5.  (continued) 

Unadjusted  Continuous  and  Categorical  Analyses  for  Laboratory 
Bndocr inolofi cal  Variables  by  Croup 
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The  following  representative  statistical  pover  stateaents  (for  pover 
0.8,  2-sided  a  »0.05)  aay  be  applied  to  paraaeters  of  several  variables 
listed  in  Table  18-5.  The  saaple  sizes  vere  sufficient  to  detect  a  1.9-fold 
increase  in  the  frequency  of  percent  abnoraal  high  values  for  T3  X  Uptake  and 
a  2.5-fold  increase  in  percent  abnoraal  high  values  for  testosterone,  rela¬ 
tive  to  that  observed  in  the  Coaparison  group.  In  addition,  the  saaple  sizes 
vere  sufficient  to  detect  a  2.7  percent  aean  shift  in  TSB  and  a  1.5  percent 
aean  shift  in  the  first  cortisol  speciaen,  over  those  Beans  observed  in  the 
Coaparison  group. 

Table  18-5  shows  remarkably  comparable  unadjusted  group  aeans  and 
distributional  paraaeters  for  Ranch  Hands  and  Coaparisons  in  T3  X  Uptake, 
initial  cortisol,  and  2-hour  cortisol.  For  TSH,  testosterone,  and  2-hour 
postprandial  glucose,  hovever,  there  vas  disparity  between  the  statistical 
results  of  the  aeans  test  and  the  distributional  chi-square  test,  suggesting 
that  significant  differences  aay  exist  between  the  Ranch  Hand  and  Coaparison 
groups. 

Since  all  endocrinological  variables  were  known  to  depend  upon  classical 
covariates  such  as  age  and  race,  each  variable  vas  reanalyzed  by  general 
linear  models  (using  transformations  vhen  necessary),  logistic  regression 
analyses,  or  log-linear  models  adjusted  for  these  covariates.  The  results  of 
these  adjusted  analyses  are  presented  in  a  series  of  functional  endocrine 
groups  below.  Table  18-6  presents  complete  details  on  the  adjusted  analyses 
for  all  the  endocrinological  variables. 


Thyroid  Function:  T3  X  Uptake  and  Thyroid  Stimulating  Hormone  (TSH) 

Assessment  of  both  thyroid  assays  excluded  all  participants  on  thyroid 
medication  (as  determined  by  both  the  self-administered  questionnaire  and  the 
structured  NORC  questionnaire)  as  well  sj  participants  with  partial  or  total 
thyroidectomies.  Thus,  13  Ranch  Hands  and  20  Coaparisons  vere  omitted  from 
the  following  analyses. 


Tt  X  Uptake 

"  T;  X  Uptake  categorical  data,  as  summarized  in  Table  18-5,  vere 
reanalyzed" controlling  for  the  covariate  effects  of  occupation,  race,  age, 
and  personality  type.  Group  data  vere  pooled  to  reveal  the  marginal  effects 
of  the  four  covariates.  These  data  are  summarized  in  Table  18-7. 

The  analysis  of  these  data  shoved  a  significant  effect  of  occupation 
(p-0.024)  on  the  percentage  of  participants  vith  abnormal  T3  X  Uptake 
results.  Specifically,  this  vas  mostly  attributable  to  a  relatively  high 
percentage  of  officers  vith  high  T}  X  Uptake  levels  (31  observed  versus 
21.5  expected,  see  Table  18-7)  and  a  low  percentage  of  enlisted  flyers  vith 
high  T.  *  Upc  results  (5  observed  versus  9.8  expected). 

Table  lu-7  also  shows  a  marginal  effect  of  personality  type  on  T3  X 
Uptake  results  (hovever,  this  effect  vas  significant  [p-0.035]  vhen  analysis 
vas  restricted  to  Ranch  Hands  and  Original  Comparisons).  Most  of  the 
personal! ty-typ*  effect  vas  due  to  larger  numbers  than  expected  of  Type  A 
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C.I.  (10.59,12.31)  (10.66,12.38) 


(continued) 
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TABLE  18-7. 


Association  Betveen  T,  X  Uptake  and 
Aft,  Baca,  Occupation,  and  Personality  Type 
in  the  Combined  Ranch  Hand  and  Comparison  Groups 


Percent  Abnormal 

Covariate 


Covariate 

Category 

Total 

Lov 

High 

p-Value 

Age 

Born  £1942 

953 

1.05 

2.52 

0.977 

Born  <1942 

1,320 

1.14 

2.58 

Race 

Black 

143 

1.40 

1.40 

0.628 

Nonblack 

2,130 

1.08 

2.63 

Occupation 

Officer 

842 

0.59 

3.68 

Enlisted 

383 

1.04 

1.31 

0.024 

Flyer 

Enlisted 

1,048 

1.53 

2.10 

Groundcrev 

Personality 

A  Direction 

997 

1.60 

2.91 

0.071 

Type 

B  Direction 

1,268 

0.71 

2.21 

participants  vith  lover  T  Z  Uptake  levels.  The  covariatas  age  and  raca  vere 
not  correlated  vith  T  X  Uptake  abnormalities.  Log-linear  models  vere  then 
used  to  assess  possible  group  differences  in  T}  X  Uptake  abnormalities, 
adjusting  for  occupation  (OCC),  race,  age,  and  personality  type  (PBRSTYPE). 
The  covariates  age,  race,  and  personality  type  did  not  contribute  signif¬ 
icantly  to  the  fit  of  the  adjusted  model  and  vere  deleted  to  yield  the 
simples*'  model,  vhich  included  occupation.  This  analysis  vas  summarized  in 
terms  uf  adjusted  relative  risks  and  is  displayed  in  Table  18-8. 

There  vere  no  significant  differences  in  percent  abnormalities  of  T3  X 
Uptake  betveen  the  Ranch  Hand  and  the  Comparison  groups.  Occupation 
demonstrated  a  significant  effect  (p-0.025).  Personality  type,  although 
marginally  significant  (p«0.068),  did  not  affect  the  assessment  of  group 
differences. 


Thyroid  Stimulating  Hormone  (TSfl) 

TSH  laboratory  values  vere  analyzed  in  both  discrete  and  continuous 
forms.  As  noted  in  Table  18-5,  an  unadjusted  t-test  of  group  means  shoved  a 
statistically  significant  elevation  of  TSH  in  the  Ranch  Hand  group,  whereas 
the  categorical  analysis  did  not  i-eveal  a  statistically  significant  group 
difference  in  the  percentage  of  abnormalities.  Exclusion  categories  and  the 
number  of  participants  vere  identical  to  the  T}  X  Uptake  analyses. 
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TABLE  18-8. 


Adjusted  Categories!  Analysis  for  T,  X  Uptake 


Analysis  Adjusted  Covariate 

Contrast  Relative  Risk  95X  C.l.  p- Value  Remarks 


Overall* 

0.250  0ccupation(p>0.025) 

Abnormally  Low 
vs.  Normal 

0.50 

(0.21,1.19) 

0.117 

Abnormally  High 
vs.  Normal 

1.10 

(0.50,2.44) 

0.809 

*Chi-square  test  (2  d.f.)  for  group  difference. 


Unadjusted  covariate  analyses  of  discrete  TSH  data  froa  the  combined 
Ranch  Band  and  Comparison  groups  shoved  a  borderline  significant  difference 
(p-0.071)  among  occupational  groups,  with  a  higher  proportion  of  enlisted 
flyers  vlth  abnormally  high  TSH  levels  than  observed  in  the  officer  or 
enlisted  groundcrev  population.  The  covariates  age  (born  in  or  after  1942, 
born  before  1942),  race,  and  personality  type  vere  nonsignificant. 

A  stepwise  logistic  regression  analysis  vas  performed.  The  final  model 
was  identical  to  the  unadjusted  analysis  as  none  of  the  covariates  vere 
significantly  associated  vith  TSH.  The  adjusted  percent  TSH  abnormalities  by 
group  vere  expressed  as  relative  risks.  For  completeness  this  summary 
analysis  is  shown  again  in  Table  18-9. 

TSH  vas  subsequently  analyzed  as  a  continuous  variable.  The  unadjusted 
group  contrast  (determined  by  a  t-test  following  transformation  of  TSH  values 
to  an  inverse  square  root  scale)  shoved  a  statistically  significant  (p-0.019) 
increase  in  the  mean  TSH  of  the  Ranch  Hand  group,  as  depicted  in  Table  18-5. 
After  suitable  model  fitting,  group  mean  data  vers  adjusted  for  age  (contin¬ 
uous),  personality  type,  and  an  age-by-personality  typs  interaction. 

Adjusted  results  are  shown  in  Table  18-10. 

As  shown,  the  Ranch  Hand  TSH  mean  was  significantly  elevated  over  the 
Comparison  group  mean  after  covariate  adjustment.  However,  the  group  mean 
values  vere  veil  belov  the  observed  cutoff  value  of  7.5  uU/ml. 

The  herbicide  literature  suggests  a  possibility  of  primary  or  secondary 
hypothyroidism  as  an  endpoint  following  TCDD  exposure.  Hypothyroidism,  as 
manifest  by  the  test  parameters  in  this  study,  should  produce  a  tendency 
tovard  depressed  T}  i  Uptake  levels  and  increased  levels  of  TSH.1  In  the 
Ranch  Hand  group,  the  T}  X  Uptake  did  not  indicate  hypothyroidism,  whereas 
the  TSH  mean  value  shoved  an  increase  consistent  vith  hyDothyroidism. 
Questionnaire,  physical  examination,  and  laboratory  data  on  thyroid  function 
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TABLE  18-9. 


Adjusted  Categorical  Analysis  for  TSH 


Adjusted 

Relative  Risk  95X  C.I.  p- Value 


1.48 

(0.50,4.42)  0.579 

e 

TAILS  18-10. 

Adjusted  Continuous  Analysis  for  TSH  by  Group 

Adjusted 

Group  Total*  Mean 

95X  C.I.  p- Value 

Covariate  Reaarks 

Ranch  Hand  998  1.158 

(1.13,1.19) 

0.025 

Age-by-Personality  Type 
(p-0.037) 

Coaparison  1,267  1.109 

(1.08,1.14) 

*Eight  participants  excluded  because  of  aissing  data  on  personality  type; 
35  participants  excluded  because  of  thyroid  sedication. 
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and  disease  led  to  the  conclusion  that  there  vere  no  essential  differences 
indicating  thyroid  disease  betveen  the  Ranch  Hand  and  the  Comparison  group.'. 


Testosterone 

Serum  testosterone  levels  vere  measured  by  R1A  on  all  participants. 
Normal  range  values  from  the  SCRF  Laboratory  vere  used  to  categorize  all  data 
into  abnormally  lov,  normal,  abnormally  high  determinations  (see  Table  18-4). 
All  analyses  omitted  participants  vith  unilateral  or  bilateral  orchiectomies, 
and  those  participants  on  supplemental  testosterone  medication. 

The  unadjusted  categorical  analysis  (see  Table  18-5)  shoved  no  signifi¬ 
cant  differences  (p«0.896)  in  the  proportions  of  abnormalities  betveen  the 
Ranch  Band  group  and  the  total  Comparison  group. 

The  groups  vere  combined  and  the  relationships  betveen  categorized 
testosterone  levels  and  the  covariates  occupation,  race,  age,  percent  body 
fat  ("BFAT),  and  personality  type  vere  examined.  Significant  statistical 
differences  vere  noted  for  occupation  (p-0.012),  increasing  age  (p<0.001), 
and  increasing  percent  body  fat  (p<0.001).  No  effect  vas  found  due  to  race  or 
personality  type. 

An  adjusted  analysis  vas  done  to  determine  the  simplest  model  using  the 
significant  covariates,  and  relative  risks  vere  calculated.  This  analysis  is 
depicted  in  Table  18-11.  These  results  shoved  that  neither  percent  lov 
testosterone  abnormalities  nor  percent  high  testosterone  abnormalities  vere 
excessive  in  the  Ranch  Hand  group,  as  the  confidence  interval  of  the  adjusted 
relative  risks  included  the  value  1.00. 


TABLE  18-11. 

Adjusted  Categorical  Analysis  for  Testosterone 


Analysis  Adjusted  Covariate 

Contrast  Relative  Risk  95X  C.I.  p-Value  Remarks 


Overall* 

0.949 

Abnormally  Lov 
vs.  Normal 

1.00 

(0.64,  l.V>) 

0.986 

Age(p<0.001> 
Percent  Body  Fat 

(p<0.001) 

Abnormally  High 
vs.  Normal 

1.13 

(0.48,2.64) 

0.774 

*Chi-square  test  (2  d.f.)  for  group  difference. 


18-16 


In  contrast  to  the  negative  categorical  analyses,  the  unadjusted  test  of 
testosterone  means  shoved  a  significant  elevation  in  the  Ranch  Hand  group 
(see  Table  18-5). 

Using  similar  covariates  as  in  the  adjusted  categorical  analyses,  the 
group  means  were  contrasted  by  an  analysis  of  covariance.  A  significant 
group-by-percent  body  fat  interaction  was  found  (p-0.024).  This  vas  due  to 
Ranch  Hands  having  a  significantly  lover  mean  than  Comparisons:  (654.4  mg/dl 
versus  1042.8  mg/dl,  p»0.012),  for  the  less  than  10  percent  body  fat 
category,  but  a  significantly  higher  mean  for  the  10  to  25  percent  body  fat 
category  (603.3  mg/dl  versus  582.4  mg/dl),  and  a  nonsignif leant ly  higher  mean 
for  the  greater  chan  25  percent  body  fa‘  category  (463.0  ag/dl  versus 
456.7  mg/dl).  However,  the  number  of  participants  in  the  less  than  10 
percent  body  fat  category  vas  very  small:  six  Ranch  Hands  and  four 
Comparisons,  and  without  these,  the  overall  Ranch  Hand  mean  testosterone 
level  vas  higher  than  that  for  Comparisons.  An  age-by-percent  body  fat 
interaction  (p~0.024)  and  race  (p-0.004)  were  significant  covuriates.  The 
group  interaction  is  summarized  in  Table  P-1  of  Appendix  P. 

The  adjusted  analysis  shoved  a  significantly  elevated  mean  testosterone 
level  in  the  Ranch  Hand  group  for  the  10  to  25  percent  body  fat  category, 
which  comprised  80  percent  of  the  Ranch  Hand  and  79  percent  of  the  Comparison 
participants,  vhereas  the  categorical  analyses  did  not  reveal  any  group 
differences.  These  findings  might  be  vieved  as  supportive  of  an  herbicide 
effect. 


Cortisol:  Initial,  2-Hour,  and  Differential 

Cortisol  measurements  were  obtained  in  the  AFHS  for  tvo  reasons:  as  a 
general  indicator  of  the  integrity  of  the  endocrine  system  (and  specifically 
as  a  functional  measure  of  the  pi tui tary -adrenal  circuit),  and  as  an 
important  secondary  risk  factor  in  coronary  artery  disease  (CAD).  ' 

As  cholesterol  is  a  metabolic  precursor  to  cortisol,  there  has  been 
longstanding  scientific  interest  on  cause-and-effect  relationships  between 
these  substances.  Clearly,  steroid  and  ACTH  treatments  have  bjyn  implicated 
in  induced  hypercholesterolemia  and  possibly  resulting  CAD.  2  Cholesterol 
elevations  have  been  consistently  noted  folloving  exposure  to  TCDD  (see 
Chapter  15)  and,  therefore,  are  of  prime  interest  in  this  study.  Conse¬ 
quently,  exploration  of  the  cholesterol-TCDD  or  cholesteroI-CAD  relationship 
must  also  account  for  cortisol  differences,  if  any. 

Timed  serum  specimens  were  obtained  from  all  participants  at  a  2-hour 
interval  early  on  the  second  day  of  the  examination.  The  difference  betveen 
the  timed  paired  specimens  was  termed  the  "differential  cortisol."  The  value 
of  the  first  specimen  vas  generally  higher  than  the  value  of  the  second 
specimen  (due  to  liver  catabolism).  The  mean  values  of  the  tvo  cortisol 
determinations  (initial  and  2-hour)  for  the  Ranch  Hand  and  the  Comparison 
groups  (as  reflected  in  Table  18-5)  did  not  differ  by  unadjusted  t-tests 
(p-0.668,  p-0.793,  respectively).  Further,  the  unadjusted  categorical 
analyses  for  both  specimens  based  on  the  normal  values  of  the  SCRF  Laboratory 
also  did  not  demonstrate  significant  group  differences  (p-0.708,  p-0.706, 
respectively) . 


18-17 


By  an  analysis  of  covariance,  using  the  covariates  age,  occupation, 
race,  percent  body  fat,  and  personality  type,  the  mean  value  of  the  initial 
cortisol  specimen  vas  adjusted  and  contrasted  by  group.  These  results  are 
given  in  Table  18-12,  and  as  indicated,  there  vas  no  statistically 
significant  group  difference. 

Tests  of  association  bstvesn  tho  differential  cortisol  and  the  covar¬ 
iates  (Table  18-13)  disclosed  significant  effects  by  percent  body  fat  and 
personality  type  (p»0.002,  p-0.006,  respectively).  Age  wc?  only  slightly 
suggestive  of  an  effect. 

An  adjusted  analysis  vas  performed  using  the  above  covariates.  A  grocp- 
by-age-by-race  interaction  vas  found  (p«0.032).  Personality  type  (p-0.005) 
and  percent  body  fat  <p<0.001)  vere  significant  covariates.  The  interaction 
found  a  significantly  lover  mean  differential  cortisol  level  for  Black  Ranch 
Hands  (p«>0.003)  born  in  or  after  1942  (unadjusted  mean  0.17  ug/dl,  adjusted 
mean  -0.46  ug/dl)  versus  corresponding  Comparisons  (unadjusted  mean 
2.78  ug/dl,  adjusted  mean  2.33  ug/dl);  no  significant  differences  vere  found 
for  older  Blacks  or  nonblacks.  The  interaction  is  summarized  in  Table  P-1  of 
Appendix  P. 

The  analyses  discussed  above  shoved  that  the  Ranch  Hand  and  Comparison 
groups  did  not  differ  vith  regard  to  both  paired  cortisol  specimens,  and  the 
differential  cortisol  of  those  specimens  for  all  nonblacks  and  Blacks  born 
before  1942.  For  Blacks  born  in  or  after  1942  (32  Ranch  Hands,  47  Compar¬ 
isons)  the  mean  differential  cortisol  level  vas  lover  for  Ranch  Hands  than 
Comparisons. 

The  mean  cortisol  levels  for  each  personality  type  and  percent  body  fat 
category  vere  plotted  over  time.  Figure  18-1  shovs  the  rate  of  decrease  in 
cortisol  for  Type  A  and  Type  B  personalities,  adjusted  for  percent  body  fat 
and  age.  Similarly,  Figure  18-2  shovs  the  rate  of  decrease  in  cortisol  in 
three  categories  of  percent  body  fac,  adjusted  by  personality  type  and  age. 

The  effect  of  personality  type  and  percent  body  fat  upon  the  levels  of 
cortisol  and  the  rate  of  change  of  cortisol  over  the  2-hour  period  are 
notevorthy.  Age  vas  also  a  significant  covariate.  Type  A  personalities 
began  vith  slightly  lover  cortisol  levels  but  had  a  lover  rate  of  decrease  of 
cortisol  over  the  next  2  hours  as  contrasted  to  Type  B  personalities.  This 
analysis  demonstrated  the  ability  of  the  Jenkins  Activity  Scale  to  differ¬ 
entiate  personality  type  in  this  cohort,  as  measured  by  differential  cortisol 
levels.  The  strong  effect  of  percent  body  fat  upon  cortisol  vas  not 
expected. 


Glucose  Metabolism:  2-Hour  Postprandial  Glucose  and  Composite  Diabetes 
Indicator 

The  1985  examination  at  SCRF  presented  tvo  major  changes  in  the  assess¬ 
ment  of  glucose  metabolism  as  contrasted  to  the  1982  Baseline  examination: 
(1)  the  accepted  laboratory  criteria  by  vhich  to  diagnose  diabetes  shifted 
from  the  standard  of  120  mg/dl  or  more  at  2  hours  to  a  designation  of 
’’impaired*  glucose  tolerance  (at  least  140  but  less  than  200  mg/dl)  and 
"diabetic"  glucose  tolerance  (at  least  200  mg/dl),  and  (2)  participants 
vere  given  a  standardized  100  gram  Glucola®  challenge  rather  than  an  esti¬ 
mated,  100  gram  carbohydrate  breakfast.  Further,  most  knovn  diabetics  vere 
encouraged  not  to  take  the  Glucola*  challenge. 
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TABLE  18-12 


Adjusted  Continuous  Analysis  for  Initial  Cortisol  by  Group 


Group 


Adjusted 

Total*  Mean  p-Value 


Covariate 

Remarks 


Ranch  Hand 

1,004 

11.42 

Age  (p<0.001) 

0.659  Personality  Type  (p-0.002) 

Percent  Body 

Fat  (p<0.001) 

Comparison 

1,280 

11.49 

Occupation-by-Race  (p-0.009) 

*  Nine  participants  omitted  due 

to  missing  data  on  personality  type  and  body 

fat. 

TABLE  18- 

-13. 

Association  Between  Differential  Cortisol  and 

Age 

,  Race,  Occupation, 

Percent  Body  Fat,  and  Personality  Scor» 

in  the  Combined  Ranch  Band  and  Comparison  Groups 

Covariate 

i>an  Differential 

Covariate 

Category 

Total 

Coitin.-l  Level 

p-Value 

Age 

Born  >  1942 

955 

2.24 

0.122* 

Born  <  1942 

1,338 

2.51 

Race 

Black 

143 

2.16 

0.575* 

Nonblack 

2,150 

2-41 

Occupation 

Officer 

852 

2.55 

Enlisted  Flyer 

385 

2.48 

0.203b 

Enlisted  Groundcrev 

1,056 

2.23 

Percent 

<10* 

10 

1.80 

Body  Fat 

10-25* 

1,846 

2.54 

0 . 002b 

>25* 

436 

1.79 

Personality  A  Direction 

1,002 

2.12 

o.o  :>6* 

Type 

B  Direction 

1,283 

2.60 

*By  t-test. 

bBy  analysis  of  variance. 
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Tims  of  Sarum  Collection 
□  Type  A  *  Type  B 


Figure  18-1. 

Mean  Cortisol  Levels  by  Personality  Type,  Adjusted  for 
Age  and  Percent  Body  Fat,  by  Time  of  Specimen  Collection 


Cortisol  Jnits/ml 

10- 

9.5- 

9- 

8.5- 

8- 

7:30  n.m.  9:30  a.m. 

Tims  of  Sorjm  Collsction 


□  <10%  Body  Fat  *  10-15%  Body  Fat 


0  >25% 


Figure  18-2. 

Mean  Cortisol  tavels  by  Percent  Body  Fat,  Adjusted  for 
Age  and  Personality  type,  by  Time  of  Specimen  Collection 


All  participants  vara  provided  high  carbohydrate  menus  preceding  the 
examination,  and  vere  encouraged  to  consume  high  calorie  meals  for  3  days 
immediately  before  their  examination  to  improve  the  diagnostic  efficiency  of 
the  glucose  tolerance  test.  At  the  examination  site,  compliance  or  noncora- 
pliance  to  the  carbohydrate  diet  vas  recorded  hut  reported  compliance  va s  not 
analyzed.  These  data,  hovever,  vere  not  used  to  exclude  participants  fvom 
the  analyses,  as  the  1984  Baseline  Report  shoved  that  compliance  to  the  diet 
vas  inconsequential  to  the  analyses. 

All  knovn  diabetics,  as  determined  by  the  Baseline  history  and  the 
1982-1985  interval  questionnaire,  vere  excluded  from  the  glucose  tolerance 
analyses.  Hovever,  the  43  Ranch  Hands  and  the  59  Comparisons  comprising  the 
exclusion  group  vere  included  in  the  composite  diabetes  analysis. 


2-Hour  Postprandial  Glucose 

As  noted  in  Table  18-5,  a  trichotomized  contrast  of  the  2-hour  post¬ 
prandial  glucose  shoved  a  statistically  significant  difference  (p-0.038) 
between  the  Rmch  Hand  and  the  Comparison  groups.  This  vas  due  to  a  slightly 
higher  percentage  of  Ranch  Hands  in  the  diabetic  category,  and  a  lover 
percentage  of  them  In  the  impaired  category  relative  to  the  Comparison  group. 

Both  study  groups  vere  pooled  to  assess  the  covariate  main  effects  of 
age,  race,  occupation,  and  personality  type.  The  results  shoved  a 
significant  effect  for  occupation  (p-0.030),  largely  due  to  a  higher 
proportion  of  enlisted  flyers  having  impaired  glucose  levels.  Race,  age,  and 
percent  body  fat  vere  significant  covariates  (p-0.037,  pCO.OOl,  p<0.001, 
respectively),  vith  Blacks,  older  ages,  and  high  body  fat  categories  having 
many  more  observed  abnormalities  than  nonblack,  younger  age,  and  normal  body 
fat  categories.  Personality  type  shoved  no  effect  (p-0.562). 

Using  the  three  covariates  age,  race,  and  percent  body  fat,  the  percent 
impaired  and  percent  high  glucose  categories  vere  adjusted  and  relative  risks 
vere  calculated.  These  daf*  a re  summarized  in  Table  18-14  and  revealed  that 
significantly  fever  Ranch  Hands  had  impaired  glucose  levels  (at  least  140  but 
less  than  200  mg/di)  than  did  Comparison  members,  as  demonstrated  by  the  fact 
that  the  relative  risk  vas  bracketed  by  a  confidence  interval  vith  upper 
limit  less  than  1.00.  Conversely,  more  Ranch  Hands  had  diabetic  levels  of 
glucose  (at  least  200  mg/dl)  on  the  2-hour  postprandial  test  than  did  the 
Comparisons,  but  this  excess  vas  not  statistically  significant. 

The  2-hour  postprandial  glucose  level  vas  also  analyzed  as  a  continuous 
variable.  Group  data  vere  transformed  to  a  logarithmic  scale  and  vere 
adjusted  by  a  general  linear  model  using  the  covariates  age,  race,  occupa¬ 
tion,  and  percent  body  fat.  This  analysis  is  reflected  in  Table  18-15. 

These  results  shoved  no  group  difference  for  the  2 -hour  postprandial 
glucose  variable.  Significant  covariate  effects  are  noted  for  percent  body 
fat  (p<0.001),  occupation  (p<0.001),,  and  the  age-by-race  interaction 

(p-0.002). 


TABLE  18-14 


Adjusted  Categorical  Analysis  for  2-Hour  Postprandial  Glucose 


Analysis 

Contrast 

Adjusted 
Relative  Risk 

95X  C.I. 

p-Value 

Covariate 

Reaarks 

Overall* 

0.034 

Iapaired  vs. 
Noraal 

0.73 

(0.56,0.96) 

0.022 

Age  (p<0.001) 

Race  (p-0.016) 

Percent  Body  Fac  (p<0.001) 

Oiabetic  vs. 

X  Noraal 

1.26 

(0.72,2.22) 

0.421 

aChi-square  test  <2  d.f.)  for  group  difference. 


TABUS  18-15. 

Adjusted  Continuous  Analysis  for  2-Hour 
Postprandial  Glucose  by  Group 


Adjusted  Covariate 

Group  Total  Mean  95%  C.I.  p-Value  Remarks 


Ranch  Hand 

976 

114.4  (107.3,122.0) 

Age- by-Race (p-0 . 002 ) 

0.487  Occupation(p<0.00i) 

Coaparison 

1,234 

115.3  (108.2,123,0) 

Percent  Body  Fat(p<0-001) 
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Composite  Diabetes  Indicator 

This  variable  vas  constructed  by  selecting  participants  vith  a  know 
history  o£  diabetes  via  the  Baseline  or  interval  (1982-1985)  questionnaire, 
and  adding  them  to  the  group  vhose  2-hour  postprandial  glucose  level  vas  at 
least  200  mg/dl  at  the  1985  examination.  Thus,  this  pool  represents  all 
"true  diabetics,"  past  and  present.  These  data  vere  contrasted  to  the 
"nondiabetics,"  recognizing  the  mild  degree  of  aisclassif ication  introduced 
by  considering  glucose-impaired  individuals  as  normal.  The  unadjusted 
frequencies  (Table  18-5)  vere  7.3  percent  diabetics  in  the  Ranch  Hand  group 
and  6.7  percent  diabetics  in  the  Comparison  group  (p-0.622). 

A  series  of  analyses  vere  conducted  to  determine  the  best  adjusting 
model  for  these  data,  using  stepdovn  procedures  from  a  model  containing  all 
main  effects  end  tvo-  or  three-vay  interactions.  The  final  adjustment  used 
the  significant  covariates  of  percent  body  fat  and  an  age-by-race  interaction 
to  adjust  the  proportions  of  diabetes  in  each  group.  These  results,  formu¬ 
lated  as  a  relative  risk,  are  presented  in  Table  18-16.  The  adjusted  results 
indicated  no  significant  difference  in  the  frequency  o£  past  and  current 
diabetes  in  the  Ranch  Hand  and  Comparison  groups. 

The  analyses  above  provide  a  firm  platform  to  conclude  that  both  study 
groups  vere  essentially  equal  vith  respect  to  glucose  metabolism,  and  past 
and  current  diabetes.  Although  the  herbicide  literature  suggests  a  possible 
endpoint  of  diabetes,  this  follovup  study  provides  no  support  for  that 
notion.  The  slight  discrepancies  betveen  the  categorical  tests  of  glucose 
abnormalities  and  the  assessment  of  mean  values  are  probably  explained  on 
distributional  grounds. 


XXPOSURB  INDEX  ANALYSES 

Vithin  each  occupational  category,  exposure  index  analyses  vere  carried 
out  to  assess  possible  dose-response  relationships  (see  details  in  Chapter 
8).  The  variables  T}  X  Uptake,  TSH,  testosterone,  initial  and  2-hour  cortisol, 
differential  cortisol,  and  2-hour  postprandial  glucose  vere  analyzed  as  con¬ 
tinuous  variables  by  t-tests  and  analysis  of  variance  (unadjusted  by  any  of 
the  covariates).  Adjusted  analyses  vere  performed  using  general  linear 
models;  adjusting  covariates  vere  age,  race,  occupation,  and  as  appropriate, 
percent  body  fat  and  personality  type.  Group-by-covariate  interactions  vere 
explored  for  each  analysis'  and  tests  vere  made  of  differences  in  means  among 
the  three  exposure  levels  as  veil  as  contrasts  of  means  betveen  the  medium 
and  lov  exposure  levels,  and  betveen  the  high  and  lov  exposure  levels.  The 
dependent  variables  vere  transformed  prior  to  analysis  as  described  earlier 
in  this  chapter. 


TABLE  18-16. 

Adjusted  Analysis  for  Diabetes  (Composite  Indicator) 


Adjusted 

Relative  Risk  95X  C.I. 


Covariate 

p-Value  Remarks 


1.12  (0.80,1.56)  0.500  Age-by-Race( p-0.005) 

Percent  Body  Pat  (p<0.001) 
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Results  of  the  adjusted  analyses  are  presented  in  Table  18-17  and 
parallel  results  for  unadjusted  analyses  are  given  in  Table  P-2  of 
Appendix  P.  Results  of  investigation  ot  any  exposure  index  by  covariate 
interactions  are  given  in  Table  P-3  of  Appendix  P. 

Unadjusted  analyses  shoved  significant  differences  either  among  exposure 
levels  or  in  the  high  versus  lov  or  aediun  versus  lov  exposure  level  con¬ 
trasts  for  testosterone  for  officers,  and  initial  cortisol,  differential 
cortisol,  and  2-hour  postprandial  glucose  for  enlisted  flyers.  For  officers, 
a  significantly  lover  naan  testosterone  level  vas  seen  for  the  medium 
exposure  level  as  contrasted  to  the  lov  exposure  level  <547.4  mg/dl  versus 
599.4  mg/dl,  p«0.041).  Enlisted  flyers  had  significantly  lover  mean  initial 
cortisol  in  the  medium  as  contrasted  vith  lov  exposure  level  (11.08  ug/dl 
versus  11.97  :ig/dl,  p-0.001);  participants  in  the  high  exposure  level  also 
had  a  much  lover  mean,  11.13  Ug/dl,  as  contrasted  vith  the  lov  exposure  level 
but  the  difference  vas  not  significant.  Enlisted  flyers  had  a  significant 
difference  in  differential  cortisol  among  exposure  index  levels  (p.0.003). 

The  mean  differential  cortisol  levels  vere  3.43  ug/dl,  1.20  ug/dl,  2.30  ug/dl 
for  the  lov,  aediun,  and  high  exposure  levels,  respectively;  the  medium 
ersus  lov  contrast  vas  very  significant  (p<0.001),  and  the  high  versus  lov 
contrast  vas  marginally  significant  (p^O.092).  Mean  2-hour  postprandial 
glucose  for  enlisted  flyers  in  the  medium  exposure  category  vas  much  higher 
than  in  the  lov  category:  118.0  mg/dl  versus  100.9  mg/dl  (p«0.015). 

Hovever,  the  mean  glucose  level  for  the  high  exposure  category  vas  not  as 
high  as  that  for  the  medium  level,  110.9  mg/dl.  The  difference  among  all  the 
exposure  levels  vac  close  to  significance  (p»0.051). 

Adjusted  analyses  (Table  18-17)  shoved  patterns  very  similar  to 
unadjusted  analyses.  A  summary  of  exposure  index  by  covariate  interactions 
found  are  listed  in  Table  18-18.  The  adjusted  mean  TSH  level  for  enlisted, 
flyers  vas  significantly  higher  in  the  high  exposure  level  as  contrasted  vith 
the  lov  exposure  level  (p-0.045) ;  moreover,  there  vas  a  steady  trend  upvards 
vith  lov,  medium,  and  high  exposure  levels.  Enlisted  flyers  in  the  medium 
exposure  level  had  a  higher  adjusted  mean  2-hour  cortisol  level  than  the  lov 
exposure  level  (p«0.034),  but  no  trend  vas  apparent.  There  vas  a  significant 
difference  in  differential  cortisol  among  the  exposure  levels  of  enlisted 
flyers  (p-0.008)  and  the  medium  exposure  level  had  a  much  lover  adjusted  mean 
than  the  lov  exposure  level  (p-0.002).  No  clear  trend  vith  increasing 
exposure  vas  apparent.  Further,  enlisted  flyers  in  the  medium  exposure  level 
had  a  higher  mean  postprandial  glucose  than  the  lover  level  (p-0.012),  and 
the  overall  test  for  differences  among  the  three  levels  vas  significant 
(p-0.042). 

In  summary,  the  emergent  pattern  vas  that  the  enlisted  flyers  in  the 
medium  exposure  level  vere  significantly  different  from  those  in  the  lov 
exposure  level  for  2-hour  cortisol,  differential  cortisol,  2-hour  post¬ 
prandial  glucose  and  marginally  significantly  different  (p-0.098)  for 
testosterone.  Hovever,  the  corresponding  high  versus  lov  contrasts  vere  not 
statistically  significant. 


LONGITUDINAL  ANALYSES 

Three  endocrine  variables  vere  chosen  for  longitudinal  analysis: 
testosterone,  T}  X  Uptake,  and  TSH.  Only  participants  attending  both 
examinations  vere  eligible.  The  three  variables  vere  measured  by  relatively 
comparable  laboratory  techniques  at  the  Kelsey- Seybold  Laboratory  in  1982  and 
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Enlisted  n  153  160  140  Overall  0.807 

Groundcrev  Adj.  mean  1.135  1.151  1.174  H  vs.  L  0.775 

95*  C.I.  (1.041,1.243)  (1.054,1.263)  (1.070,1.294)  H  vs.  L  0.513 
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TABLE  18-17.  (continued) 
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TABLE  18-18. 


Su— ry  of  Exposure  Index-by-Co variate  Interactions 
Encountered  in  Analyses  of  Endocrinological  Variables 


Variable 

Occupation 

Covariate 

p-Value 

Testosterone 

Enlisted 

Groundcrev 

Percent  Body  Pat 

0.001 

Initial  Cortisol 

Officer 

Percent  Body  Fat 

0.037 

2-Hour  Cortisol 

Officer 

Percent  Body  Fat 

0.011 

2-Hour  Cortisol 

Enlisted 

Groundcrev 

Race 

0.006 

Differential 

Cortisol 

Enlisted 

Groundcrev 

Race 

Personality  Type 

0.007 

0.021 

at  the  SCRF  Laboratory  in  1985.  As  described  in  Chapter  7,  "Statistical 
Methods,"  each  variable  vas  analysed  continuously  by  a  repeated  measurements 
analysis  of  variance.  Testosterone  data  vere  subjected  to  a  square  root 
transformation,  and  TSH  values  received  a  logarithmic  transformation. 

Results  of  the  analysis  are  shown  in  Table  18-19. 

As  shown  in  Table  18-19,  all  three  variables  declined  from  their 
Baseline  values,  bit  the  reductions  over  time  vere  relatively  proportional 
for  each  group  by  variable.  It  is  concluded  that  significant  differences 
betveen  groups  did  not  exist  for  the  change  in  levels  betveen  the  Baseline 
examination  and  the  first  followup  examination.  The  symmetrical  changes  in 
the  testosterone  and  T}  X  Uptake  variables  arc  speculatively  attributed  to  a 
3-year  aging  effect,  but  the  change  in  TSH  values  is  suggestive  of  a  change 
in  laboratory  methods.  There  is  no  suggestion  of  an  adverse  rate  change  in 
either  the  Ranch  Hand  or  Comparison  group. 


SUMMARY  AND  CONCLUSIONS 

The  physical  examination  and  laboratory  testing  results  of  all 
endocrinological  variables  are  summarized  in  Table  18-20. 

Questionnaire  and  reviev-of-systems  data  for  past  thyroid  disease  vere 
essentially  equivalent  in  both  the  Ranch  Hand  and  Comparison  groups.  These 
historical  data  vere  confirmed  by  medical  record  revievs.  Physical  exami¬ 
nation  findings  vere  necessarily  limited  to  data  from  palpation  of  thyroid 
glands  and  testicles;  the  unadjusted  results  shoved  no  significant  group 
differences. 


TABLE  18-19. 


Longitudinal  Analysis  for  Testosterone,  T3  X  Uptake, 
and  TJE:  A  Contrast  of  Baseline  and  First  Followup 
Examination  Test  Means 


Means 


Variable 

Group 

Total 

1982 

Baseline 

1985 

Followup 

p-Value 
(Equality  of 
Difference) 

Testosterone 

Ranch  Hand 
Comparison 

971 

1,139 

585.16 

581.77 

570.73 

552.25 

0.20 

T3  X  Uptake 

Ranch  Hand 
Comparison 

971 

1,139 

30.30 

30.29 

27.83 

27.81 

0.93 

TSH 

Ranch  Hand 
Comparison 

971 

1,139 

1.744 

1.721 

1.094 

1.081 

0.83 

Evaluation  of  the  endocrine  system  was  conducted  primarily  by  laboratory 
testing  of  hormone  levels.  The  thyroid  test  battery  consisted  of  T,  X  Uptake 
and  TSH  assays.  The  T3  X  Uptake  data  showed  no  group  differences  for  either 
mean  values  or  frequency  of  abnormally  low  or  high  values.  Occupation  was  a 
significant  covariate.  TSH  results  revealed  a  significantly  higher  mean 
level  in  the  kanch  Hand  group,  but  this  difference  was  not  found  by  cate¬ 
gorical  testing  of  proportions  of  abnormally  high  TSH  results. 

Mean  levels  of  testosterone  vere  significantly  elevated  among  Ranch 
Hands  as  contrasted  with  Comparisons  in  the  10  to  25  percent  body  fat 
category,  but  ..his  was  not  reflected  by  the  categorical  tests.  For  the  few 
participants  with  less  than  10  percent  body  fat  (six  Ranch  Hands,  four 
Comparisons),  mean  testosterone  levels  were  lower  for  Ranch  Hands  than  for 
Comparisons.  Age,  occupation,  and  percent  body  fat  were  significant 
adjusting  variables. 

Two  timed  cortisol  specimens  showed  no  significant  group  differences  in 
mean  values  and  percent  abnormalities.  The  difference  between  the  timed 
cortisol  results,  termed  the  differential  cortisol,  showed  no  significant 
group  differences  for  nonblacks  or  Blacks  born  before  1942,  but  Black  Ranch 
Hands  born  in  or  after  1942  had  a  lower  mean  differential  cortisol  level  than 
Comparisons.  Age,  percent  body  fat,  and  personality  type  were  significant 
cevuriates  in  these  analyses. 

Group  means  of  2-hour  postprandial  glucose  levels  were  not  statistically 
different,  but  categorical  testing  revealed  that  there  was  a  significantly 
higher  frequency  of  glucose-impaired  (at  least  140  but  less  than  200  mg/dl) 
Comparisons  than  Ranch  Hands.  A  constructed  variable  comprised  of  known 
diabetics  and  individuals  classified  as  diabetic  by  the  glucose  tolerance 
test,  shoved  no  difference  between  the  Ranch  Hand  and  Comparison  groups.  As 
expected,  past  and  current  diabetes  vere  highly  influenced  by  the  covariates 
age,  race,  and  percent  body  fat. 
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TABLE  18-?0 


Overall  Suaaary  Results  of 
Unadjusted  and  Adjusted  Continuous 
and  Categorical  Analyses  of  Endocrinological  Variables 


Unadjusted _ _  _ Adjusted 


Test 

Mean 

Categorical 

Mean 

Categorical 

Questionnaire  and 
Physical  Examination 

Past  Thyroid 

Disease  (Self- 
Administered) 

a 

NS 

a 

b 

Past  Thyroid 

Disease 

a 

NS* 

a 

b 

(Interviewer 

Administered) 

Thyroid  Abnor¬ 
malities 

a 

NS 

a 

b 

Testicular 

Abnormalities 

a 

NS 

a 

b 

Laboratory  Testing 

Tj  Z  Uptake 

NS 

Overall: 

NS 

b 

Overall: 

NS 

Low 

vs.  Normal: 

NS 

Low 

vs.  Normal: 

NS 

High  vs.  Normal: 

NS 

High 

vs.  Normal: 

NS 

TSH 

0.019 

NS 

0.025 

NS 

Testosterone 

0.035 

Overall: 

NS 

★*** 

Overall : 

MS 

Low 

vs.  Normal: 

NS 

Low 

vs .  Normal : 

NS 

High 

vs.  Normal: 

NS 

High 

v«'.  Normal: 

NS 

Initial  Cortisol 

NS 

Overall: 

NS 

NS 

b 

Low 

vs.  Normal: 

NS 

High 

vs.  Normal: 

NS 

2-Hour  Cortisol 

NS 

NS 

b 

b 

Differential 

NS 

a 

a 

Cortisol 

2-Hour  Postprandial 

NS 

Overall: 

0.038 

NS 

Overall: 

0.034 

Glucose 

Impaired 

vs.  Normal: 

0.024 

Impaired 

vs .  Normal : 

0.022 

Diabetic 

vs.  Normal: 

NS 

Diabetic 

vs.  Normal: 

NS 

Diabetes  (Composite 

a 

NS 

a 

NS 

Indicator) 


— 'Analysis  not  feasible. 

NS:  Not  significant  (p>0.10). 

— “Analysis  not  performed. 

NS*:  Borderline  significant  (0.05<p<0. 10) . 
****Group-by-covariate  interaction. 
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Exposure  index  analyses  did  not  reveal  any  pattern  consistent  with  a 
dose* response  relationship.  Enlisted  flyers  in  the  medium  exposure  level 
were  significantly  different  from  those  in  the  low  exposure  level  for  2-hour 
cortisol,  differential  cortisol,  and  2-hour  postprandial  glucose.  However, 
the  corresponding  high  versus  low  contrasts  were  not  statistically 
significant. 

Longitudinal  analyses  of  T3  %  Uptake,  TSH,  and  testosterone  levels  on 
all  individuals  attending  both  the  Baseline  and  followup  examinations 
revealed  only  symmetrical  and  nonsignificant  changes  in  the  Ranch  Hand  and 
Comparison  groups  in  the  interval  between  examinations. 

In  conclusion,  both  limited  historical  and  physical  examination  data, 
seven  endocrinological  laboratory  variables,  and  a  composite  indicator  of 
diabetes  did  not  demonstrate  consistent  patterns  indicating  an  herbicide 
effect.  However,  there  was  a  significant  interaction  between  group  sind 
'percent  body  fat  for  testosterone  that  could  be  interpreted  as  an  herbicide 
effect  TSH  and  testosterone  means  rests  were  statistically  significant, ,  and 
in  the  expected  direction  of  an  herbicide  effect,  but  these  results  were  not 
confirmed  by  categorical  testing.  Also  signif leant  was  the  impaired  category 
of  the  glucose  tolerance  test,  which  shoved  an  excess  in  the  Comparison 
group.  The  consistent  demonstration  of  the  classical  effects  of  the 
covariates  age,  race,  occupation,  and  percent  body  fat  on  appropriate 
endocrine  variables  provided  support  for  these  conclusions.  Overall,  the 
endocrine  health  status  of  both  groups  «as  reasonably  comparable. 
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CHAPTER  19 


IMMUNOLOGICAL  EVALUATION 


INTRODUCTION 

Overt  damage  to  organs  of  the  immune  system  and  depressed  immunologic 
function  have  been  noted  in  a  variety  of  animals  exposed  to  TCDD.  As  the 
fields  of  immunology  and  immuno toxicology  have  grown  within  the  past 
10  years,  a  significant  spectrum  of  subtle  immuno toxic  effects  has  also  been 
described  in  animals,  but  for  many  possible  reasons,  comparable  adverse 
effects  have  not  been  consistently  recorded  in  exposed  human  individuals  or 
cohorts. 

Thus,  an  intensive  search  is  underway  to  ascertain  the  effects  of  TCDD 
on  the  human  immune  system,  particularly  with  respect  to  the  development  of 
cancer.  Every  major  ongoing  dioxin  morbidity  study  in  the  United  States  has 
now  incorporated  comprehensive  laboratory  assessments  of  the  immune  system. 

Numerous  animal  studies  have  demonstrated  significant  immunotoxlcity 
following  the  administration  of  TCDD.  The  relatively  consistent  observations 
of  decreased  thymus  weight  (with  cortical  atrophy  and  a  depletion  of  lympho¬ 
cytes),  atrophy  of  other  lymphoid  tissue,  depressed  cellular  bone  marrow,  and 
decreased  humoral  and  cell-mediated  immunity  and  increased  susceptibility  to 
infection  have  been  noted  in  a  variety  of  animals,  including  monkeys, 
rabbits,  guinea  pigs,  rats,  and  mice.  The  immune- response  effects  varied 

by  species,  species  strain,  age,  integrity  of  the  endocrine  system,  dose,  and 
toute  of  administration.  Generally,  the  immunologic  parameters  returned  to 
normal  or  approximate  normal  values  over  time,  even  following  moderate  to 
high  doses  of  TCDD.  While  experiments  have  been  conducted  to  assess  the 
immunotoxlcity  of  TCDD,  little  has  been  published  on  the  immunotoxlcity  of 
2,4-D  or  2,4,5-T. 

The  immune  system  is  so  sensitive  to  TCDD  that  immune  function  has 
frequently  been  used  as  a  marker  of  toxicity  in  the  absence  of  other  biologic 
effects.  The  mechanism  of  TCDD  immunotoxlcity  is  under  intensive  inves¬ 
tigation  by  molecular  biologists,  pathologists,  and  geneticists.  In  general, 
TCJ3D  toxicity  is  probably  linked  to  the  Ah  receptor,  and  specifically  to  the 
Ah  allele  vhich  governs  microsomal  enzyme  induction  as  reflected  by  aryl 
hydrocarbon  hydroxylase  and  cytochrome  P-448/450  levels.  This  premise 
underscores  the  questions  of  the  degree  to  vhich  the  human  response  to  TCDD 
is  dependent  upon  the  Ah  locus  or  other  genetic  receptors,  and  how  this 
response  is  manifested  in  the  imnrme  system. 

Animal  studies  and  several  observational  studies  in  humans  have  shown 
variable  results.  Data  from  the  Times  Beach,  Missouri,  episode  disclosed  no 
group  differences  for  various  T  lymphocyte  populations,  proliferative 
responses  to  PHA,  concanavalin  A,  pokeveed  or  tetanus  toxoid  stimulation, 
and  in  skin  testing  with  seven  antigens.1  A  report  of  the  assessment  of  the 
immune  system  of  men  exposed  to  TCDD  in  an  industrial  accident  in  Britain 
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did  not  discuss  the  results  of  the  measurement  of  the  immunoglobulin  profile, 
lymphocytes,  T  and  B  cells,  response  to  PHA,  and  three  henatologic  variables. 
A  prior  publication  on  the  same  cohort  cited  unpublished  findings  of  Va^d, 
suggesting  a  reduction  in  the  capacity  of  the  "primary"  immune  system.. 

A  longitudinal  evaluation  of  48  highly  exposed  children  (one-half  vith 
chloracne)  from  the  Seveso  incident  shoved  significantly  elevated  complement 
hemolytic  activity  over  six  measurements  during  the  period  1976  to  1979 
(although  the  biologic  significance  of  thi3  is  unknovn)  and  an  increased  pro¬ 
liferative  response  to  PHA  and  pokeveed  during  the  first  three  screenings. 
This  study  (as  others)  vas  characterized  by  shifting  a  study  population  over 
the  observation  period  and  by  excessive  laboratory  variation  that  may  have 
masked  other  true  group  differences.  Nonetheless,  the  Seveso  data  may  be 
interpreted  as  indicative  of  a  stimulated  immune  system,  particularly  cell- 
mediated  immunity,  differinj;  substantially  from  the  bulk  of  animal  studies, 
which  shoved  decreased  activity. 

A  recent  study  of  residents  of  the  TCDD-contaminated  Quai1  Run  Mobile 
Hone  Park  ir.  Missouri  also  revealed  data  that  conflicted  vith  the  Seveso 
experience.  A  statistically  significant  amount  of  anergy  and  relative 
energy  vas  detected  in  the  TCDD-exposed  group,  as  determined  by  the  multitest 
applicator  (seven-antigen  test  system).  Inter-reader  variation  presented 
major  interpretive  difficulties.  Nevertheless,  findings  suggestive  of 
decreased  cell-mediated  immunity  vere  provided  by  decreased  T  ,  T4 ,  and 
Tu  cell  percentages.  Also  nGted  vas  an  increased  lymphoprol Iterative 
response  to  pokeveed  mitogen  (PVM).  The  overall  depression  of  immunologic 
response  vas  not  correlated  vith  an  increase  in  clinical  disease. 


Baseline  Summary  Results 

Immunologic  function  arid  phenotypic  marker  studies  were  performed  on 
592  participants  (297  Ranch  Hands,  295  Comparisons)  randomly  selected  by  the 
terminal  digit  of  their  case  number.  Because  of  laboratory  problems,  e.g., 
fluctuating  quality  control  and  lack  of  simultaneous  differential  counts  on 
the  peripheral  mononuclear  cells,  a  special  Immunology  Reviev  Committee  vas 
convened  to  determine  vhich  data  vere  relevant  for  analysis.  Such  decisions 
vere  made  on  a  case-by-case  basis  without  knowledge  of  Ranch  Hand  or 
Comparison  group  membership.  The  Committee  concluded  that  the  data  could  be 
analyzed  on  a  group  basis,  but  interpretation  of  data  on  an  individual  basis 
vas  inappropriate. 

Analyses  of  the  cell  surface  markers  (Tn,  T3 ,  T4 ,  T# ,  B,  the  T4/T# 
ratio,  and  the  total  lymphocyte  count  [TLC])  shoved  no  significant  group 
differences.  However,  the  increased  smoking  vas  significantly  associated 
vith  increases  in  cell  counts  but  not  vith  the  T4/T#  ratio  and  B.  cells, 
vhereas  increasing  age  vas  significantly  associated  vith  decreasing  TLC  and 
T#  cells. 

Functional  studies  of  T  and  B  cells  via  reaction  to  antigenic  (tetanus 
toxoid)  or  mitogen  (phytohemagglutinin,  concanavalln  A,  and  pokeveed) 
stimulation  shoved  no  group  differences.  Similarly,  unadjusted  and  adjusted 
mean  values  of  the  four  assays  vere  not  significantly  different  between 
groups,  but  one  unstimulated  control  value  (reflecting  Baseline  thymidine 
uptake  by  T  cells)  was  significantly  decreased  in  the  Ranch  Bands.  The 
biologic  relevance  of  this  finding  vas  unclear. 
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Further,  in  the  coveriate  analysis  of  the  functional  studies,  group-by- 
seoking  and  group-by-alcchol  interactions  vere  noted.  Of  greater  importance, 
however,  was  the  finding  that  lyaphocytic  response  increased  vi:h  increasid 
saoking,  but  was  depressed  in  association  with  increasing  age. 

In  summary,  both  immunologic  function  and  cell  Barker  studies  did  not 
show  significant  inpairaent  in  the  Ranch  Hand  group,  or  patterns  supportive 
of  an  herbicide  effect.  Saoking,  for  the  first  tine  to  the  knowledge  of  the 
authors,  was  associated  with  a  significant  increase  in  the  Barker  cells  T14, 
Tj,  T4,  and  T(,  and  in  the  total  lymphocyte  count,  with  a  concomitant 
increase  in  lymphocytic  response  to  PVH. 


Parameters  of  the  1985  Immunologic  Profile 

Tho  format  for  the  1985  APRS  physical  examination  placed  more  emphasis 
on  the  immunologic  assessment  than  did  the  1982  Baseline  profile.  The  random 
sampling  scheme  was  expanded  to  produce  an  approximate  50-percent  sample  of 
the  cohorts,  and  included  the  saae  terminal  digits  of  the  case  number  used  at 
Baseline  in  order  to  include  all  Individuals  evaluated  in  1982  and  thus 
establish  a  longitudinal  data  base. 

All  immunologic  tests  were  performed  at  the  Scripps  Immunology  Reference 
Laboratory  (SIRL).  The  battery  of  phenotypic  marker  essays  and  functional 
tests  was  slightly  modified  from  the  Baseline  profile.  The  assay  for  HLA-DR 
cells  was  added  to  the  battery  of  marker  studies,  and  a  functional  test  for 
natural  killer  cells  (with  and  without  interferon)  was  substituted  for  the 
concanavalin  A  stimulation  assay.  A  comprehensive  set  of  skin  tests  for  the 
antigens  Candida,  mumps,  Trichophyton,  and  staph-phage-lysate  was  added  to 
evaluate  the  integrity  of  the  delayed  hypersensitivity  response. 

The  dependent  variables  of  the  analyses  in  this  chapter  arise  from  thr*e 
distinct  measurement  systems:  phenotypic  marker  studies,  functional  studio  , 
and  skin  testing.  There  were  more  covariates  than  in  the  Baseline  study,, 
namely  age,  race,  occupational  category,  exposure  index,  and  new  smoking  and 
alcohol  data  from  the  1985  questionnaire. 

Participants  deleted  from  the  immunological  analyses  included  those  with 
recent  radiation  or  chemotherapy,  and  those  individuals  on  immunosuppressive 
or  systemic  steroid  medication.  Harginal  totals  in  the  tables  below  vary 
somewhat  due  to  missing  covariate  data.  Thus,  numbers  in  the  table  also  vary 
according  to  which  immunologic  data  sources  vere  used  in  the  analysis.  In 
general,  most  analyses  are  based  upon  data  from  465  Ranch  Hands  and  585  Com¬ 
parisons.  Analytic  tests  included  t-tests,  general  linear  models  (SAS*-GLH), 
logistic  regression  (BMDP*-LP.),  and  Fisher's  exact  test.  Parallel  analyses 
using  Original  Comparisons  are  in  Tables  Q-5  through  Q-10  of  Appendix  Q. 


Rationale  of  the  Immunologic  Measurements 

Because  of  rapid  changes  in  our  knowledge  of  the  immune  system,  Table 
19-1  is  provided  as  an  aid  in  interpreting  the  medical  significance  of  the 
immunological  data. 
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Immunology  Methodologies 

Th«  isolation  of  peripheral  blood  mononuclear  (PBH)  cells  vas  the  first 
step  to  prepare  for  testing  immune  competence  and  enumeration  of  phenotypic 
markers.  Heparinized  whole  blood  vas  obtained  from  each  patient.  PBM's  were 
isolated  by  Ficoll-Hypaque  density  gradient  centrifugation.  The  PBM's  were 
then  washed  and  resuspended  in  BB101  media  (HANA  Biologies,  Inc.)  supple¬ 
mented  with  10M  units/ml  penicillin,  10,000  mcg/nl  streptomycin,  1  percent 
sodium  pyruvate  (100  mM),  and  1  percent  L-glutamine  (200  aM).  To  determine 
percent  monocyte  and  granulocyte  contamination  of  the  PBH  cell  preparations, 
an  aliquot  of  the  cells  vas  stained  with  a  nonspecific  esterase  stain.  PBH 
concentration  vas  adjusted  for  each  individual  assay. 


Cell  Surface  Marker  Analysis 

Mouse  monoclonal  antibodies  directed  against  specific  surface  markers 
were  used  to  identify  and  quantitate  different  cell  populations  in  the  per¬ 
ipheral  blood  of  the  participants.  Mononuclear  cell  concentrations  adjusted 
to  1.0  x  10s  cells/ul  were  incubated  with  the  folloving  fluorescein  isothio¬ 
cyanate  conjugated  monoclonal  antibodies:  CD2(0KT11*),  CD4(0FT4*),  CD8(0KT8*), 
CD19(Leul2**) ,  CD14(LeuM3**) ,  and  HLA-DR(0KDR*) .  These  cell  surface  anti¬ 
bodies  measure  total  numbers  of  T  and  B  lymphocytes;  monocytes,  helper  T 
lymphocytes,  suppressor  T  lymphocytes,  and  those  cells  carrying  the  HLA-DR 
antigen.  A  flow  cytometer  (Spectrum  III,  Ortho  Diagnostic  Systems,  Raritan, 

Nev  Jersey)  vas  used  to  measure  percent  positive  for  each  specific  surface 
marker  and  absolute  numbers  vere  calculated. 


Phytohemagglutinin  (PHA)  and  Pokeveed  Mitogen  Stimulation  Assays 

Mitogens  vere  used  to  stimulate  the  proliferation  of  lvmphocytes  in 
vi'ro.  During  the  proliferative  response,  the  lymphocytes  undergo  blast 
transformation  and  incorpocate  radioactive  thymidine  into  their  DNA.  Partic¬ 
ipant  lymphocyte  concentrations  vere  adjusted  to  2.0  x  10s  cells/ml  in 
supplemented  HB101  media.  Samples  vere  cultured  in  quadruplicate.  Individ¬ 
ual  cultures  consisted  of  0.1  ml  of  cell  suspension  and  0.1  ml  of  mitogen 
solution  in  microti ter  plates.  The  cultures  vere  incubated  in  an  atmosphere 
of  5  percent  CO.  at  37  degrees  Centigrade.  Participant  cells  vere  cultured 
with  PHA  (12  ug/ml,  Sigma  Chemical  Co.,  St.  Louis,  Missouri)  for  a  total  of 
4  days  and  pokeveed  mitogen  (0.05  yg/aii,  Sigma  Chemical  Co.,  St.  Louis, 
Missouri)  for  a  total  of  5  days.  The  cultures  vere  pulsed  vith  tritiated 
thymidine  (1.0  uCi/  microtiter  veil)  for  4  hours  and  then  harvested  on  a 
multiple  automated  harvester.  Cellular  proliferation  vas  assessed  by 
tritiated  thymidine  uptake  measured  by  liquid  scintillation  counting. 


Mixed  Lymphocyte  Reaction 

Histocompatibility  antigens  (HLA)  can  also  stimulate  lymphocytes  causing 
blast  transformation.  Donor  lymphocytes  vere  used  to  stimulate  the  prolif¬ 
eration  of  participants'  lymphocytes  in  vitro.  A  pool  of  donor  lymphocytes 

*0rtho  Diagnostic  Systems,  Raritan,  Nev  Jersey 
**Becton  Dickinson  Monoclonal  Center,  Inc. ,  Mountain  View,  California 
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vas  frozen  end  used  as  a  stimulator  pool  throughout  the  course  of  the  study. 
An  aliquot  of  this  pool  vas  thaved  daily.  Viability  of  this  pool  was 
assessed  by  trypan  blue  exclusion.  A  pool  of  freshly  Isolated  lymphocytes 
vas  prepared  daily  and  also  used  as  stimulator  cells.  Both  pools  of  stimu¬ 
lator  cells  vere  inactivated  by  irradiation  (3,000  rad).  Stimulator  pools 
and  participant  lymphocyte  concentrations  vere  adjusted  to  1.0  x  10s  cells/ml 
in  supplemented  HB101  media.  Samples  vere  cultured  in  quadruplicate. 
Individual  cultures  consisted  of  0.1  ml  of  participant  cell  suspension  and 
0.1  ml  of  stimulator  cell  suspension,  in  microtiter  plates.  The  cultures 
vere  incubated  in  an  atmosphere  of  5  percent  CO  at  37  degrees  Centigrade  for 
6  days.  The  cultures  vere  pulsed  vith  tritiated  thymidine  (1.0  yCi/ 
microti  ter  veil)  for  16  hours  and  then  harvested  on  a  multiple  automated  cell 
harvester.  Cellular  proliferation  vas  assessed  by  tritiated  thymidine  uptake 
measured  by  liquid  scintillation  counting. 


Natural  Killer  Cell  Assays 

Mononuclear  cells  from  the  participant  vere  evaluated  to  assess  the 
ability  of  certain  peripheral  blood  cells  to  kill  target  cells  from  a  K-562 
leukemia  cell  lin^  The  K-562  target  cells  vere  preincubated  vith  radio¬ 
active  chromium  (51Cr)  at  37  degrees  Centigrade  in  5  percent  C02  for  1  hour, 
vashed,  and  the  cell  concentration  adjusted  tc  1.6  x  10s  cells/ml.  A  50  ul 
aliquot  of  radioactive  K-562  cells  vas  added  to  each  microtiter  veil. 
Participant  lymphocytes^vere  adjusted  to  three  different  concentrations: 

0.53,  1.6,  and  2.7  x  1G  cells/ml.  One  ml  of  each  of  these  concentrations 
vas  incubated  vith  20  units  of  recombinant  y-interferon  (Genentech,  Inc.,  San 
Francisco,  California)  for  1  hour  at  about  37  degrees  Centigrade.  Quadru¬ 
plicate  150  yl  aliquots  of  each  concentration,  vith  and  vithout  interferon 
preincubation.,  vere  dispensed  in  a  microtiter  plate.  Four  veils  contained 
media  alone  to  determine  the  spontaneous  release  of  radioactivity  from  the 
K-562  cells.  Four  veils  contained  1  percent  Triton  X-100  to  determine  the 
maximal  release  of  radioactivity.  The  final  effector  to  target  ratios  vere 
50:1,  30:1,  and  10:1.  The  microtiter  plates  vere  centrifuged  briefly  at  lov 
speed  and  incubated  at  37  degrees  Centigrade  in  5  percent  C02  for  3  hours.  A 
100  yl  aliquot  of  the  supernatant  vas  removed  from  each  veil  and  counted  on  a 
gamma  counter.  Percent  chromium  release  from  the  K-562  target  cells  vas 
determined  for  each  effector: target  cell  ratio. 


Interpretive  Considerations 

The  values  of  the  results  of  assays  of  immunologic  status  are  more 
variable  than  those  found  in  routine  single  reactant  clinical  chemistry 
assays.  Often  there  are  numerous  biochemical  factors/metabolites  that  affect 
the  immunologic  assay  results  so  that  interpretations  of  normalcy  must  be  in 
tl;e  context  of  those  obtained  concurrently  in  a  normal  control  cohort  group. 
Such  controls  allov  for  proper  adjustments  of  the  raw  assay  data  in  order  to 
minimize  the  broad  range  of  technical  and  reagent  effects  in  the  various 
immunologic  assays.  These  adjustments  in  the  rav  assay  data  results  vill 
correct  for  such  variability  and  allov  for  the  detection  of  any  significant 
biologic  abnormalities.  Because  of  the  need  for  these  control  adjustments, 
the  immunologic  assay  results  cannot  be  meaningfully  compared  to  existing 
normal  ranges  determined  on  different  groups  of  individuals  at  other  times. 
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RESULTS  AMD  DISCUSSION 


Cell  Surface  Marker  (Phenotypic)  Studies 

Immunological  tests  vere  carried  out  on  47  percent  (1,085)  of  the 
participants  because  of  the  complexity  of  the  assay  and  the  expense  of  these 
tests.  The  participants  vere  randomly  selected  so  that  approximately  50  per¬ 
cent  of  each  group  of  participants  arriving  for  the  physical  examination  had 
blood  dravn  for  the  immunological  tests.  Logistical  delay  during  the  initial 
weeks  of  the  examination  reduced  the  number  to  less  than  50  percent.  Vi  thin 
each  group,  blood  vas  dravn  for  the  immunological  tests  from  about  one-half 
of  the  selected  participants  on  the  first  day  of  the  physical  examination, 
and  from  the  remainder  on  the  folloving  day.  Skin  tests,  vhich  vere  sched¬ 
uled  for  the  first  day,  vere  therefore  carried  out  after  the  blood  drav  on 
the  first  day  for  the  first  half  of  the  immuno-tested  participants.  Skin 
tests  vere  not  done  for  those  participants  selected  for  immunological  testing 
on  day  tvo  in  order  to  avoid  any  effect  the  skin  test  antigens  might  have  on 
the  cell  counts  and  functions.  Thus,  553  participants  received  both  the 
immunological  tests  and  the  skin  tests,  532  received  the  immunological  tests 
but  not  the  skin  tests,  1,206  received  the  skin  tests  but  not  the  immunolog¬ 
ical  tests,  and  16  received  neither.  Table  19-2  gives  the  frequencies  of  the 
participants  in  each  exposure  group  vho  had  the  tests. 

Participants  vho  vere  taking  anti-inflammatory  or  immunosuppression 
medication  or  vho  had  recently  received  x-ray  treatment  or  chemotherapy  for 
cancer  vere  excluded  from  all  the  analyses.  Participants  taking  aspirin, 
hovever,  vere  not  excluded. 


TABLE  192. 

Frequencies  of  Participants  Vho  Took  the  Immunological 
Tests  and  the  Skin  Tests,  by  Group 


Skin  Tests 

Immunology 


Group 

Tests 

No 

Yes 

Total 

Ranch  Hand 

No 

9 

524 

533 

Yes 

218 

265 

483 

Total 

227 

789 

1,016 

Comparison 

No 

9 

682 

691 

Yes 

314 

288 

602 

Total 

323 

970 

1,293 
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For  those  participants  vho  were  given  the  immunological  tests,  the 
following  dependent  variables  were  examined:  total  T  cells,  helper  T  cells, 
suppressor  T  cel>«,  B  cells,  monocytes,  HLA-DR  cells,  and  the  T^/T,  (helpei/ 
suppressor  cell)  ratio.  These  variables  were  treated  as  continuous  in  the 
analysis. 

The  covariates  considered  in  the  analysis  were  the  matching  variables 
(age,  race,  occupation),  smoking  history  (current  cigarettes/day  and  total 
pack-years  of  smoking),  and  alcohol  consumption  (average  number  of  drinks  per 
day  during  the  2  weeks  prior  to  the  physical  examination  and  total  drink- 
years).  The  covariates  age  and  th<«  smoking  history  and  alcohol  consumption 
variables  were  used  as  continuous  variables  in  the  analyses  since  the 
relationships  betveen  the  dependent  variables  and  the  covariates  were 
generally  monotonic. 

Considerable  day-today  variation  exists  in  the  results  of  immunological 
tests  due  to  a  number  of  excraneous  factors,  including  temperature,  humidity, 
and  sensitivity  of  the  i ns t rumen tat ion.  Significant  batch-to-batch  variation 
(amru  amination  groups)  vas  apparent  for  total  T  cells,  suppressor  T  cells, 
B  ceils,  and  the  T4/Ts  ratio,  and  significant  blood-draw  day  variation  was 
apparent  for  helper  T  cells,  monocytes,  and  HLA-DR  cells.  Adjustments  in  the 
analyses  were  made  for  these  sources  of  variation  by  using  batch  or  blooddraw 
day  indicators.  Throughout  this  section,  appropriate  adjustment  was  carried 
out  in  the  assessment  o£  group  differences  of  the  dependent  variables;  this 
analysis  vas  unadjusted  for  the  covariates  listed  above  and  is  referred  to  as 
the  "unadjusted"  analysis.  Adjustment  was  alse  made  for  batch-to-batch  or 
blood-draw  day  variation  in  the  analyses  of  the  associations  of  the  dependent 
variaoies  with  the  covariates.  Further,  this  adjustment  was  also  used  in  the 
fittirg  of  general  linear  models  to  assess  the  group  differences,  adjusted  for 
the  covariates. 

Prior  to  analysis,  group  data  were  pooled  for  each  continuous  variable 
and  were  examined  to  determine  whether  transformation  would  enhance  normality 
or  distributional  symmetry.  The  following  transformations  were  used  in  the 
analyses : 


Variable 

Transformation 

Total  T  cells 

Squ  :e  root 

Helper  T  cells 

Square  root 

Suppressor  T  cells 

Logarithm 

B  cells 

Square  root 

Monocytes 

Logarithm 

HLA-DR  cells 

Square  root 

T4/T8  ratio 

Logarithm 

The  results  f  the  analyses  in  this  section  are  summarized  in  Tables  19-3 
through  -5.  Table  19-3  presents  the  unadjusted  analyses  for  the  cell 
surface  markers,  Table  19-4  displays  the  covaiiate  associations,  and  Table 
19-5  gives  the  adjusted  results?,  These  tables  are  accompanied  by 
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TABLE  19-3. 


Unadjusted  Analyses  for  Cell  Surface  Markers  by  Group 


€ 


_ Group _ 

Variable  Statistic  Ranch  Band  Comparison  p-Va)ue 


Total  T  Cells 
<Tn> 

n 

Mean 

95*  C.I. 

464 

1,616 

(1,561,  1,671) 

581 

1,604 

(1,556,  1,653) 

0.736 

Helper  T 

Cells  (T4) 

n 

Mean 

95*  I. 

461 

874.6 

(839.9,  909.9) 

580 

863,3 

(833.3,  893.9) 

0.610 

Suppressor 

T  Cells  <T3) 

n 

Mean 

95*  C.I. 

465 

523.6 

(500.1,  548.1) 

582 

530.0 

(508.9,  552.0) 

0.671 

B  Cells 

n 

Mean 

95*  C.I. 

457 

185.6 

(174.1,  197.4) 

575 

189.5 

(179.2,  200.1) 

0.594 

Monocytes 

n 

Mean 

95*  C.I. 

462 

46.08 

(42.99,  49.39) 

582 

44.49 

(41.88,  47.27) 

0.427 

HLA-D?.  Cells 

n 

Mean 

95*  C.I. 

462 

571.4 

(547.9,  595.3) 

582 

568.4 

(548.1,  589.1) 

0.842 

T4/Tg  Patio 

n 

Mean 

95*  C.I. 

461 

1.600 

(1.531,  1.672) 

577 

1.570 

(1.510,  1.633) 

0.499 
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Adjusted  Analyses  fa:  Cell  Surface  Marten  by  Group 


Group 


Variable  Statistic  Ranch  Band  Comparison  p-Value  Covariate  Remarks’1" 


Total 

T  O  ils 

n 

Adj.  Mean 
95*  C.I. 

442 

**** 

**** 

567 

»  »  ■  « 

AoXa  WArtn 

>- «  t  ». 

nnXK 

BATCH  (p=0.G29) 

ACE  (p4).009) 

ALC  (i>0.001) 

CSMOK  (p<0.001> 
GRP*RACE  (p=0.033) 
CRCYR*PACm  (p=0.015) 

Helper 

T  Calls 

n 

Adj,  Mean 
951  C.I. 

439 

869.4 

(836.1, 

566 

878.5  0.662 

903.2)  (849.2,  908.4) 

BATCH  (^.021) 
QAY(BATCH)  (p-0.014) 
ACE  (p<0.001) 

A1XXXJC  (p-O.OCB) 
CSMGRMXE  (p»0.023) 
AIXXSMOK  (p>0.006) 
CKOR*PACm  (p-0.012) 

Suppressor 

T  Cells 

n 

Adj.  Mean 
95*C.I. 

463 

530.8 

(506.8, 

500 

537.9  0.640 

556.0)  (516.1,  560.5) 

BATCH  (p<D.001) 

0CC  (p-0.014) 

ACE  (p-0.004) 

ALC  (p=0.Q20) 

CStK  (p<0.001) 

B  Cells 

n 

Adj.  Mean 
95*  C.I. 

435 

i . 

Anno 

561 

****  **** 

**** 

BATCH  (pO.OOl) 

ALC  (p-0.006) 

AGE*CSM0K  (p-O.025) 
EHOR*RACE  (p-0.026) 
GRP*PACm  (p-0.018) 
GSP*RACE*0CC  (p-0.046) 

Monocytes 

n 

Adj.  Mean 
95*  C.I. 

440 

■kkkk 

**** 

568 

hkaw  Tnnnr 

awwA 

BATCH  (pO.OOl) 
QAY(BATCH)  (p<0.001) 
RACE  (p-0.032) 

CHCXR  (p-0.013) 

cacK  (p<o.ooi) 

PACXXR  (p-0.006) 
GRP*OCC  (p-0.044) 
GRP*ALC  (p-0.010) 
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TABLE  19-5.  (oondnued) 

Adjusted  Analyses  fcr  0*0.  Surface  Markers  by  <ku»»? 


_ Group _ 

Variable  Statistic  Ranch  Band  Comparison  p-Value  Covariate  Remarks* 


HLA-ffi  n  459 

Cells  Adj.  Mean  **** 

95*  C.I.  **** 


**** 


BATCH  (pO.OOl) 

****  DAY(BAKH)  (p-0.004) 
OCC  (p-0.035) 

CSMOK  (pO.OOl) 
GRP*ALC  (poO.045) 

age*b farm  (p-o.og5) 


T  /T 
Ratio 


n  461  577 

Adj.  Haan  1.570  1.552  0.678 

95t  C.I.  (1.501,  1.643)  (1.491,  1.616) 


BATCH  (pO.OOl) 
OOC  (p-0.020) 
CSMCK  (p<0.001) 


^Abbreviations 

BATCH:  batch-to-batch  variation  among  examination  groups 

DAY(MTCH):  blood-draw  day  variation 

AL£:  current  alcohol  use 

CSMCK:  current  smoking 

OOC:  occjntion 

GRP:  group 

ERKJR:  lifetime  alcohol  use  (drink-years) 

PALXYR:  lifetime  smoking  (pack-years) 

****Sigjnificant  group-by-covariate  interaction— adjusted  mean,  confidence  interval,  and 
p-value  not  presented. 


19-13 


discussion  of  each  variable.  The  results  of  adjusted  analyses  with  group-by¬ 
covariate  interactions  are  found  in  Table  Q-l  of  Appendix  Q. 


Total  T  Cells  (Tlt) 

No  significant  difference  was  found  between  groups  in  the  mean  values  of 
total  T  cells  (p-0.736).  These  data  were  analyzed  vithout  adjustment  for  any 
covariates  except  batch-to-batch  variation. 

The  data  were  pooled  for  the  tvo  groups,  and  the  relationship  vith  the 
covariates  was  examined.  Significant  associations  vere  found  vith  occupation 
(p-0.005),  age  (p«0.002),  current  smoking  (r <0.001),  and  pack-years  (p<0.001). 
A  marginal  association  (p«0.069)  vas  found  vith  current  alcohol  use  due  to  a 
steady  decrease  in  mean  counts  vith  higher  drinking  levels.  Officers  h^d  a 
lover  mean  count  (1,539  cells/mm3 )  than  enlisted  flyers  (1,668  cells/mm  ),  or 
enlisted  groundcrev  (1,647  cells/mm3).  The  mean  count  decreased  vith  age: 
1,663  cells/mm3,  1,582  cells/mm3,  and  1,404  cells/mm3  for  those  born  in  or 
after  1942,  born  betveen  1923  and  1941,  and  born  in  or  before  1922,  respec¬ 
tively.  The  mean  count  increased  vith  increasing  current  smoklngf  and 
increasing  lifetime  smoking  history  (pack-years). 

A  general  linear  model  vas  fitted  to  assess  the  group  difference  in  mean 
count  of  total  T  cells  vith  adjustment  for  each  covariate  and  any  inter¬ 
actions  that  made  significant  contributions  to  the  model.  Batch-to-batch 
variation  vas  a  significant  covariate  (p-0.029). 

A  significant  group-by-race  interaction  vas  found  (p=0.033);  Black  Ranch 
Hands  had  a  significantly  lover  adjusted  mean  count  than  Black  Comparisons 
(1,566  cells/mm3  versus  1,888  cells/mm3;  p»0  039),  but  the  group  difference 
for  nonblacks  vas  not  significant  (p-0.619)  (see  Table  Q-l  of  Appendix  Q). 

The  folloving  covariates  vere  significant:  age  (p-0.009),  current  alcohol 
use  (p-C.001),  current  smoking  (p<0.001),  and  a  drink-year-by-pack-year 
interaction  (p»0.015).  Analyses  using  only  Original  Comparisons  shoved  the 
same  results  as  vhen  using  the  total  Comparison  group  (see  Tables  Q-6  and  Q-7 
of  Appendix  Q),  vith  a  group-by-race  interaction  preset  (p»0.028). 


Helper  T  Cells  (T4) 

No  significant  difference  vas  found  betveen  groups  in  the  mean  values  of 
helper  T  cells  (p-0.610).  This  contrast  vas  analyzed  vithout  adjustment  for 
any  covariates  except  blood-drav  day  variation. 

The  data  vere  pooled  for  the  tvo  groups,  and  the  relationship  vith  the 
covariates  vas  examined.  Significant  associations  vere  found  vith  occupation 
(p-0.024),  age  (p<0.001),  current  smoking  (p<0.001),  and  pack-years  (p<0.001). 
Officers  had  a  lover  mean  count  (831  cells/mm3)  than^enlisted  flyers 
(685  cells/mm3)  or  enlisted  groundcrev  (894  cells/mm').  There  vas  |  decrease 
in  the  mean  count  vith  increasing  age:  907  cells/mm3,  850  cells/mm3,  and  713 
cells/mm3  for  those  born  in  or  after  1942,  born  betveen  1923  and  1941,  and 
born  in  or  before  1922,  respectively.  The  mean  count  increasad  vith 
increasing  levels  of  current  smoking  and  vith  increasing  pack-years  of 
lifetime  smoking. 
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Adjusted  analyses  assessed  the  group  difference  in  mean  count  of  helper 
T  cells  vith  adjustment  for  each  covariate  and  any  significant  interactions. 
Adjustment  for  the  blood-drav  day  variation  vas  included.  Age  made  a  signif¬ 
icant  contribution  to  the  model  (p<0.001).  The  folloving  interactions 
between  covariates  vere  significant:  current  alcohol  use-by-occupation 
(p-0.008),  current  smoking-by-occupation  (p-0.023),  current  alcohol  use-by¬ 
current  smoking  (p«0.006),  and  drink-years-by-pack-years  (p-0.012).  The 
adjusted  group  difference  in  mean  count  vas  not  significant  (p-0.662): 

869  cells/mm1  for  the  Ranch  Hand  g**oup  versi  :  879  cells/mm3  for  the  Compar¬ 
ison  group.  Adjusted  analyses  using  Original  Comparisons  (Table  Q-6  of 
Appendix  Q)  also  revealed  a  nonsignificant  group  difference  (p«0.835). 


Suppressor  T  Cells  (Ta) 

No  significant  difference  vas  found  betveen  groups  in  the  mean  values  of 
suppressor  T  cells  (p-0.671).  This  contrast  vas  analyzed  without  adjustment 
for  any  covariates  except  batch-to-batch  variation. 

The  data  vere  pooled  for  the  tvo  groups,  rad  the  relationship  vith  the 
covariates  vas  examined.  Significant  associations  vere  found  vith  occupation 
(p<0.001),  age  (p<0.001),  and  current  smoking  (p<0.001).  The  mean  count  for 
officers  vas  less  than  the  mean  count  for  enlisted  groundcrev,  which  vas  in 
turn  less  than  the  mean  count  for  enlisted  flyers;  the  means  vere  492  cells/ 
mm3,  540  cells/mm3,  and  575  cells/mm3,  respectively.  The  mean  counts 
decreased  vith  increasing  age:  557  cells/mm3,  512  cel Is /mm3 ,  and  439  cells/ 
mm3  for  participants  born  in  or  after  1942,  born  betveen  1923  and  1941,  and 
born  in  or  before  1922,  respectively.  The  meau  counts  increased  vith 
increasing  levels  of  current  smoking.  Marginally  significant  associations 
vere  found  vith  current  alcohol  use  (p«0.058,  mean  T#  couits  decreased  vith 
increasing  current  levels  of  drinking)  and  pack-years  (p-0.076,  mean  counts 
increased  vith  increasing  pack-years). 

The  adjusted  analysis  of  group  differences  in  mean  count  of  suppressor 
T  cells  vas  made  vith  adjustment  for  each  covariate  and  any  interactions  that 
made  significant  contributions,  including  significant  batch-to-batch  varia¬ 
tion  (p<0.001).  Significant  adjusting  covariates  vere  occupation  (p«0.014), 
age  (p-0.004),  current  alcohol  use  (p-0.020),  and  current  smoking  (p<0.001). 
The  adjusted  group  difference  vas  not  significant  (p-0.640). 

A  marginal  (p-0.063)  group-by-race  interaction  vas  not  retained  in  the 
final  model,  but  vas  explored.  Black  Ranch  Bands  had  a  lover  adjusted  mean 
count  than  Black  Comparisons  (512  cells/mm3  versus  649  cells/mm3,  p-0.056),3 
vhereas  the  difference  betveen  nonblack  groups  vas  negligible  (531  cells/mm3 
for  Ranch  Hands  and  532  cells/mm3  for  Comparisons,  p-0.974).  Analyses 
involving  the  Origins  Comparisons  shoved  a  significant  interaction  betveen 
group  and  race  (p«0.010)  (see  Tables  Q-6  and  Q-7  of  Appendix  Q),  vith  the 
same  pattern  seen  for  the  group-by-race  interaction  for  the  total  Comparison 
group. 


B  Cells 

No  significant  difference  vas  found  betveen  groups  in  the  mean  values  of 
B  cells  (p-0.,594).  This  contrast  vas  analyzed  without  adjustment  for  any 
covariates  except  batch-to-batch  variation. 
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Significant  associations  using  pooled  data  were  found  betveen  B  cells 
and  occupation  (p<0.001),  age  (p<0.001),  current  alcohol  use  (p-0.001), 
drink-years  (p-0.047),  current  smoking  (p<0.001),  and  pack-years  (p-0.005). 
Officers  had  a  lover  mean  count  than  enlisted  flyers  and  groundcrev 
(166  cells/mm3,  205  cells/mm3,  and  201  cells/mm3,  respectively).  3The  mean 
count  decreased  vith  increasing  age:  206  cells/mo3 ,  177  cells/mm,  and 
146  cells/um3  for  those  born  in  or  after  1942,  born  betveen  1923  and  1941, 
and  born  In  or  before  1922,  respectively.  The  mean  counts  decreased  vith  an 
increasing  number  of  drinks  per  day,  and  also  vith  higher  levels  of  total 
lifetime  drinking,  except  for  the  "nevet-dr inkers, "  vhose  level  vas  lover 
than  the  greater  than  30  to  100  drink-vear  group;  the  means  for  the  drink~3 
year  categories  vere:  0,  180  cells/mm3;  greater  than  0  to  5,  199  cells/mm3; 
greater  than  5  to  30,  189  cells/mm3;  greater  than  30  to  100,  183  cells/mm3; 
and  greater  than  100,  150  cells/mm3.  The  nonsmokers  had  a  lover  mean  count 
than  current  smokers,  vhereas  among  the  smokers  the  mean  counts  decreased 
vith  higher  current  smoking  levels.  The  means  for  the  different  current¬ 
smoking  (cigarettes/day)  categories  vere:  0,  166  cells/mm3;  greater  than  0 
to  20,  237  cells/mm3;  greater  than  20  to  40,  222  cells/mm3;  and  greater  than 
40,  202  cells/mm3 .  Lifetime  smokers  had  a  higher  mean  count  than  "never- 
smokers";  othervise  the  pattern  vas  not  clear. 

Adjusted  analyses,  including  adjustment  for  the  significant  (p<0.001) 
batch- to-batch  variation,  vere  used  to  investigate  the  mean  count  of  R  cells. 
Adjustment  vas  made  for  each  covariate  and  any  interactions  that  made  signif¬ 
icant  contributions.  A  significant  group-by-race-by-occupation  interactior 
vas  found  (p»0.046),  along  vith  a  group-by-pack-year  interaction  (p-0.018). 
Significant  contributions  vere  made  by  current  alcohol  use  (p-0.006),  an 
age-by-current  smoking  interaction  (p-0.025),  and  a  drink-years-by-race 
interaction  (p-0.026). 

Th.  analysis  consequently  was  performed  separately  for  nonblacks  and 
Blacks.  For  nonblacks,  the  group-by-pack-year  interaction  persisted 
(p-0.021)  (see  Table  Q-l  of  Appendix  Q).  Ranch  Hands  vho  had  never  smoked 
had  a  much  ljver  adjusted  mean  count  than  the  corresponding  Comparisons, 

154  cells/mm3  versus  190  cells/mm3  (p-0.004).  Among  smokers,  the  adjusted 
mean  count  for  the  greater  than  0  to  20  pack-year  category  was  less  for  Ranch 
Hands  than  for  Comparisons.  For  both  the  greater  than  20  to  40  and  the 
greater  than  40  pack-year  categories,  the  adjusted  mean  count  vas  higher  for 
Ranch  Hands  than  for  Comparisons.  The  p-values  for  these  three  contrasts 
vere  greater  than  0.10.  For  Blacks,  the  unadjusted  group  difference  vas  not 
significant  £p-0.808;  Ranch  Hands,  186  cells/mm3,  versus  Comparisons, 

194  cells/mm  ).  Adjusted  means  vere  not  calculated  because  no  covariates 
made  any  significant  contribution  to  an  adjusted  model,  and  moreover,  adjust¬ 
ment  for  batch-to-batcn  variation  vas  not  possible  because  of  the  small 
number  of  Black  participants. 

Other  significant  covariates  and  interactions  in  the  adjustment  for 
nonblacks  included  occupation  (p*0.047),  dr ink -years  (p<0.001),  and  an 
age-by-current  smoking  interaction  (p-0.039). 


Monocytes 

No  significant  difference  vas  found  betveen  groups  in  the  mean  value  of 
monocytes  (p=>0.427).  This  contrast  vas  analyzed  without  adjustment  for  any 
covariates  except  blood-drav  day  variation. 
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The  data  were  pooled  for  the  tvo  groups,  and  the  relationship  with  the 
covariates  was  examined.  Significant  associations  vere  found  with  race 
(p-O.027),  occupation  (p-0.019),  current  drinking  (p-0.031),  drink-years 
(p<0.001),  current  smoking  (p<0.001),  and  pack-years  (p<0.001).  Blacks  had  a 
lover  mean  count  than  nonblacks  (37.1  cells/mm3  versus  45.7  colls/mm3, 
respectively).  Officers  had  a  lower  mean  count  (42.3  cells/mm1)  than 
enlisted  flyers  (44.4  cells/mm3),  who  had  a  lover  mean  count  than  enlisted 
groundcrev  (48.2  cells/mm3).  Higher  mean  counts  vere  associated  vith  higher 
current  drinking  levels.  There  vere  increases  in  mean  counts  vith  higher 
drink-years  and  vith  increasing  amounts  of  both  current  and  lifetime  smoking. 

Assessment  of  the  group  difference  in  mean  count  of  monocytes  was  done 
vith  adjustment  for  each  covariate  and  any  interactions  that  made  significant 
contributions,  including  blood-drav  day  variation. 

A  significant  group-by-occupation  interaction  (p-0.044)  and  a 
significant  group-by-current  alcohol  use  interaction  (p-0.010)  vere  found. 

For  interpretation,  these  vere  explored  in  a  model  including  the  group-by- 
occupation-by-current  alcohol  use  interaction,  vith  the  alcohol  variable 
discretized  (see  Table  Q-l  of  App'endix  Q).  Except  for  those  men  consuming 
more  than  tvo  to  four  drinks  per  day,  Ranch  Hand  officers  had  a  higher 
adjusted  mean  count  than  Comparison  officers,  the  difference  being  large 
(44.2  cells/mnr  :ersus  32.3  cells/mm3)  for  nondrinkers,  (p-0.060).  For 
enlisted  flyers,  except  those  in  the  greater  than  four  drinks  per  day 
category,  Ranch  Hands  had  a  lover  adjusted  mean  count  than  corresponding 
Comparisons.  For  the  greater  than  tvo  to  four  drinks  per  day  category,  a 
large  difference  between  adjusted  means  (32.7  cells/ram5  for  Ranch  Hands, 

56.2  cells/mm  for  Comparisons)  vas  observed  (p-0.097).  Further,  it  was 
found  that  for  enlisted  groundcrev  not  currently  drinking,  Ranch  Hands  had  a 
lower  adjusted  mean  count  than  the  corresponding  Comparisons,  vhereas  the 
Ranch  Hand  current  drinkers  had  higher  adjusted  mean  counts  than  the  corre- 
sponding} Comparisons.  The  difference  vas  large  (68.9  cells/mm3  versus  35.3 
cells/mm  )  for  the  greater  than  four  drinks  per  day  category  (p-0.003). 

Significant  effects  on  the  monocyte  counts  vere  also  seer,  for  race 
(p-0.032),  drink-years  (p-0.013),  current  snoking  (p<0.001),  and  pack-years 
(p-0.006)  Analyses  using  Original  Comparisons  revealed  a  significant 
(p-0.040)  group-by-age  interaction  (see  Tables  Q-6  and  Q-7  of  Appendix  Q). 
This  vas  due  to  a  lover  count  for  Ranch  Hands  than  Comparisons  for  those  born 
in  or  after  1942  (41.4  cells/mm3  versus  48.0  cells/mm3,  p-0.048),  a  higher 
count  for  Ranch  Hands  than  Comparisons  for  those  born  betveen  1923  and  1941 
(48.2  cells/mm  versus  42.8  cells/mm3,  p-0.058),  and  very  little  difference 
for  those  born  in  or  before  1922  (p-0.924). 


HLA-OR  Cells 

No  significant  difference  vas  found  between  groups  in  the  mean  values  of 
BLA-DR  cells  (p-0.842).  This  contrast  vas  analyzed  without  adjustment  for 
any  covariates  except  blood-drav  day  variation. 

Significant  associations  vere  found  using  pooled  data  vith  occupation 
(p<0.001),  age  (p-0.010),  current  smoking  (p<0.001),  and  pack-years 
(p<0.001).  Officers  had  a  lover  mean  count  than  enlisted  participants 
(526  cells/mm3  versus  597  cells/mn3  for  flyers  and  598  cells/mm3  for  ground¬ 
crev).  The  average  mean  count  vas  higher  for  younger  participants  than  for 
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older  participants:  588  cells/mm3,  557  cells/mm3,  and  555  cells/run3  for 
those  born  in  or  after  1942,  born  between  1923  and  1941,  and  born  in  or 
before  1922,  respectively.  There  was  a  significant  increase  in  average  mean 
counts  with  increasing  levels  of  both  current  and  lifetime  smoking.  There 
was  a  marginally  significant  increase  in  mean  cell  counts  with  drink-years 
(p-0.083) . 

Analyses,  with  adjustment  for  blood-draw  day,  each  covariate,  and  any 
interactions,  were  carried  out  to  assess  the  group  difference  in  mean  count 
of  HLA-DR  cells.  A  significant  group-by-current  alcohol  use  interaction  was 
found  (p*0.045);  for  Ranch  Hands  drinking  mor|  than  four  drinks  per  day,  the 
adjusted  mean  count  was  greater,  564  cells/mm3  versus  473  cells/mm3,  than  for 
Comparisons  (p-0.052),  vhereas  no  appreciable  group  differences  were  apparent 
for  the  participants  drinking  four  or  fewer  di  inks  per  day  (see  Table  Q- 1  of 
Appendix  Q).  Significant  effects  were  seen  v.th  occupation  (p«0.035), 
current  smoking  (p<0.001),  and  an  age-by-pack-year  interaction  (p-0.005). 

Analyses  using  Original  Comparisons  (Table  Q-6  of  Appendix  Q)  did  not 
show  a  significant  group-by-current  alcohol  use  interaction  (p«0.152),  and  no 
significant  difference  between  groups  was  observed  (p»0.887). 


T4/T#  Ratio 

No  significant  difference  was  found  between  groups  in  the  mean  value  of 
the  T4/T8  ratio  (p-0.499).  This  contrast  was  analyzed  without  adjustment  for 
any  covariates  except  batch-te-batch  variation. 

The  data  were  pooled  for  the  two  groups,  anu  the  relationship  with  the 
covariates  was  examined.  Significant  associations  were  found  with  drink- 
years  (p-0.049),  current  smoking  (p<0.001),  and  pack-years  (p=0.001).  The 
mean  T,/T#  ratio  generally  increased  with  increasing  drink-years,  ard 
increased  with  increasing  amounts  of  current  smoking  and  total  pack-years. 
There  was  a  marginally  significant  association  with  occupation  (p-0.063). 
Enlisted  flyers  had  a  lower  average  ratio  than  officers  and  enlisted 
groundcrew  (1.48  versus  1.62  and  1.60,  respectively). 

The  adjusted  group  difference  in  the  T^/T.  ratio  was  not  significant 
(p-0.678;  Ranch  Hands  1.57  versus  Comparisons  1.55).  Significant  effects 
were  seen  for  occupation  (p-0.020),  current  smoking  (p<0.001),  and  batch-to- 
batch  variation  (p<0.001). 

In  the  analysis  of  the  Original  Comparisons,  a  significant  group-by- 
current  smoking  interaction  was  found  (p-0.016).  Further  analysis  showed  a 
significant  difference  between  groups  (Ranch  Hand  mean  ratio  of  1.84  versus 
Original  Comparison  mean  ratio  of  1.51,  pm0.004),  for  the  greater  than  20  to 
40  cigarettes  per  day  category  (see  Tables  Q-6  and  Q-7  of  Appendix  Q). 


Functional  Stimulation  Studies 

Statistical  analyses  were  performed  on  cell  function  responses  to  PHA, 
FtfM,  and  HLC.  For  each  stimulated  cell  population,  autologous  controls  were 
also  studied.  The  measurements  resulting  from  each  test  were  the  average 
counts  over  four  samples  for  the  stimulated  cell  population  and  for  the 
autologous  controls.  The  net  average  count,  defined  as  the  difference 
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between  the  average  counts  per  minute  (CPM)  for  the  stimulated  and  the 
control  cells,  was  also  calculated. 

Cell  response  data  were  obtained  from  the  1,085  immunologically  tested 
participants.  The  exclusion  conditions  were  the  same  as  in  the  previous 
section,  namely,  participants  who  were  taking  anti-inflammatory  or  immuno¬ 
suppressant  medication,  or  who  had  recently  experienced  radiation  therapy  or 
chemotherapy  for  cancer. 

Review  of  the  immunological  data  base  by  the  Air  Force  and  SIRL  resulted 
in  certain  test  exclusions  due  to  technical  error,  and  equipment  malfunction, 
those  identified  by  quality  control  procedures  (Grubbs'  test3  ),  and 
unexplained  outliers.  For  the  mean  cell  counts  per  minute  (CPM)  analyzed  for 
this  section,  a  total  of  17  data  points  were  excluded  as  unexplained  outliers 
from  the  data  base,  involving  eight  participants  (three  Ranch  Hands  and  five 
Comparisons):  1  point  was  invalid  due  to  technical  error  in  the  assay  for 
MLC  stimulated  cells  (Ranch  Hand)  and  the  remainder  were  outliers  in  the  PVM 
controls  or  stimulated  cells  (two  Ranch  Hand  controls,  13  Comparison 
controls,  and  one  Ranch  Hand  stimulated  cells).  This  meant  that,  for  ont 
participant,  the  PVM  control  mean  vas  omitted  from  the  analysis  and,  for  the 
other  seven  participants,  the  means  vere  calculated  from  fever  than  four 
points.  No  unexplained  data  points  vere  found  for  the  PHA-stimulated  cells 
or  corresponding  controls. 

All  analyses  vere  adjusted  for  significant  blood-drav  day  variation,  and 
the  same  covariates  vere  used  as  in  the  adjusted  analyses  of  the  cell  surface 
markers.  The  covariates  age,  current  smoking,  pack-years,  current  alcohol 
use,  and  drink-years  vere  discretized  because  marginal  examination  shoved 
generally  nonlinear  responses  of  the  cell  function  variables  with  these 
covariates.  Thus,  the  p-values  given  in  this  section  for  the  marginal  asso¬ 
ciation  of  the  variables  with  each  covariat'  indicate  the  significance  of  the 
differences  among  the  categories  defined  by  .ne  levels  of  the  covariate. 

Prior  to  analysis,  the  data  vere  transformed  to  enhance  normality  or  at 
least  distributional  symmetry.  The  following  transformations  vere  used: 

Variable  Transformation 

Unstimulated  Response  (PHA)  logarithm 

PHA  Net  Response  none 

Pokeveed  Net  Response  square  root 

MLC  Net  Response  square  root 


The  summarized  results  of  this  section  are  given  in  Tables  19-6  through 
19-8  (see  Table  Q-l  of  Appendix  Q  for  results  involving  group-by-coveriate 
interactions).  Only  results  for  the  unstimulated  controls  for  the  PHA  assay 
are  presented  as  an  assessment  of  the  function  of  the  immune  system  in  the 
unchallenged  state.  However,  separate  controls  were  run  for  each  assay  since 
incubation  periods  vary  for  each  test  procedure.  In  the  analysis  of  data  on 
the  net  response  for  each  assay,  the  appropriate  control  vas  used.  Analysis 
of  each  control  assay  vas  performed,  and  no  significant  group  differences 
were  noted. 
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TAB LB  19-6. 


Unadjusted  Analyses  for  Functional 
Stimulation  Tests  by  Group 


Group _ _ 

Variable  Statistic*  ftanch  Hand  Comparison  p-Value 


Unstimulated 
Response  (PHA) 

n 

Mean 

95%  C.I. 

464 

1,656 

(1,578,  1,737) 

584 

1,657 

(1,589,  1,728) 

0.979 

PHA  Net 
Response 

n 

Mean 

95%  C.I. 

463 

212  323 

(206,484,  218,161) 

583 

208,782 

(203,689,  213,875) 

0.339 

Pokeveed 

Response 

Net 

n 

Mean 

95%  C.I. 

465 

85,655 

(81,528,  89,883) 

584 

83,019 

(79,467,  86,648) 

0.317 

MLC  Net 
Response 

n 

Mean 

95%  C.I. 

452 

79,132 

(75,269,  83,092) 

564 

82,460 

(79,010,  85,983) 

0.185 

♦Group  means  and  confidence  intervals  expressed  as  counts  per  minute  (CPM). 


Unstimulated  Response  (PHA) 

No  significant  difference  vas  found  betveen  groups  in  the  mean  values  of 
PHA  unstimulated  responses  (p-0.979).  These  control  values  were  derived  from 
unstimulated  cells  and  reflect  baseline  cell  function.  This  contrast  vas 
analyzed  vithout  adjustment  for  any  covariates  except  blood-drav  day 
variation. 

The  data  were  pooled  for  the  tvo  groups,  and  the  relationship  with  the 
covariates  vas  examined.  Significant  associations  were  found  with  race 
(p<0.001),  age  (p<0.001),  and  drink-years  (p»0.048).  The  average  mean  count 
for  nonblacks  vas  lover  than  for  Blacks:  1,629  CPM  and  2,210  CPM,  respec¬ 
tively.  There  vas  a  strong  decrease  in  mean  count  with  increasing  age.  For 
those  born  in  or  after  1942,  the  mean  vas  1,770  CPM;  for  those  born  betveen 
1923  and  1941,  the  mean  vas  1,606  CPM;  and  for  those  born  in  or  before  1922, 
the  mean  count  vas  1,238  CPM.  The  mean  count  generally  decreased  vith 
increasing  drink-years,  vith  a  maximum  mean  count  of  1,726  CPM  for  non- 
drinkers  and  a  minimum  mean  count  of  1,414  CPM  for  participants  vith  greater 
than  100  drink-years.  A  marginally  significant  association  vas  found  vith 
occupation  (p«0.086).  The  average  mean  count  for  officers  vas  lover  chan  that 
for  enlisted  flyers,  which  vas  in  turn  lover  than  that  for  enlisted  ground- 
crew:  the  means  were,  respectively,  1,592  CPM,  1,662  CPM,  and  1,713  CPM. 

This  relationship  vith  occupation  vas  not  seen  vith  the  PVM  or  MLC  unstimu¬ 
lated  responses.  Since  these  values  were  derived  from  the  same  blood 
specimens  and  were  unstimulated,  this  observation  may  represent  a  chance 
occurrence.  There  vas  a  marginally  significant  association  vith  pack-years 
(p-0.051);  the  response  generally  increased  vith  increasing  pack-years. 
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TABLE  19-8. 


Adjusted  Analyses  foe  Ftactianal  Stl*ilaticn  Tests  b  GtDup 


Group 

Ccvariate 

Variable 

Statistic* 

Ranch  Hand 

Oonparison 

p-Value 

Remarks 

UhstinarLated 

Response 

(PBA) 

n 

u- - 

Ptean 

95ZC.I. 

464 

1,741 

(1,595,  1,901) 

584 

1,731 

(1,593,  1,882) 

0.855 

BATCH  (p<0.001) 

DAY  (BATCH)  (p<0.001) 
RACE  (p<0.001) 

M2  (pO.OOl) 

PHA  Net 
Response 

n 

Adj.  Hew 
95Z  C.I. 

461 

193,280 

(176,032,  210,529) 

581 

IftQ  QCy 

(171,889,  206,014) 

0.233 

BATCH  (p<0.001) 

DAY  (BATCH)  (p<0.001) 
RACE  (i>0.011) 
M2*CSM0K  (p-0.007) 
ALOCSMCK  (p-0.008) 

Net 

Fokweed 

Response 

n 

Mean 

95X  C.I. 

463 

91,567 

(82,189  101,451) 

582 

90,097 

(81,008,  99,669) 

0.579 

BATCH  (pCO.OOl) 

DAY  (BATCH)  (p<0.001) 
RM2*OGC  (p-0.024) 
AIjWXT  (p«0.036) 
ALOCSMOK  (p-0.009) 

Net  MLC 
Response 

n 

Adj.  Mean 
95XC.I. 

430 

»  »  »  » 

li  ii 

550 

■  H-l  » 

aaaW 

i-lii  i 

**** 

BATCH  (p<D.001) 

DAY  (BATCH)  (p-0.001) 
WKYR  (p<n.001) 

ALC  (p-0.001) 
C»P*PACm  (p-0.046) 
RACEM3M0K  (p4).043) 

*Group  means  and  confidence  intervals  expressed  as  cants  per  minute  (CPK) . 
***MStxjp-by-ccwariate  interaction— adjusted  mean,  confidence  interval,  and  p-value  not 
presented. 


19-22 


4 


(The  means  were  1,657  CPM,  1,696  CPM,  1,519  CPM,  and  1,712  CPM  for  0,  greater 
than  0  to  20,  greater  than  20  to  40,  and  greater  than  40  pack-years, 
respectively. ) 

Adjusted  analyses  to  assess  the  group  difference  in  mean  counts  of  PHA 
controls  vere  performed  with  adjustment  for  each  covariate  and  any  inter¬ 
actions  that  made  significant  contributions,  including  significant  blood-draw 
day  variation.  The  group  difference  in  adjusted  mean  count  was  not  signif¬ 
icant  (p>0.855;  Ranch  Hand  group  mean  of  1,741  CPH  versus  Comparison  group 
mean  of  1,731  CPM).  Race  and  age  were  significant  covariates  (p<0.001  for 
both). 

Adjusted  and  unadjusted  analyses  using  the  Original  Comparisons  (see 
Tables  Q-8  and  Q-9  of  Appendix  Q)  shoved  similar  results;  i.e.,  no  signif¬ 
icant  group  difference  (p-0.508,  unadjusted;  p-0.613,  adjusted). 


PHA  Net  Response 

No  significant  difference  was  found  between  groups  in  the  mean  values  of 
net  response  to  PHA  (p«0.339).  This  contrast  was  analyzed  without  adjustment 
for  any  covariates  except  blood-drav  day  variation. 

The  data  were  pooled  for  the  two  groups  and  the  relationship  with  the 
covariates  was  examined.  Significant  associations  were  found  for  race 
(p*0.002),  age  (p<0.001),  current  alcohol  use  (p<0.001),  and  drink-years 
(p»0.002).  Nonblacks  had  a  lower  net  count  than  Blacks  (208,953  CPM, 

233,622  CPM,  respectively).  There  was  a  steady  decrease  in  net  count  with 
increasing  age:  the  means  were  217,003  CPM,  206,901  CPM,  and  184,419  CPM  for 
those  born  in  or  after  1942,  born  between  1923  and  1941,  and  born  in  or 
before  1922,  respectively.  Those  currently  drinking  more  than  four  drinks 
per  day  had  a  lover  mean  net  count  than  those  drinking  less.  The  partici¬ 
pants  in  the  greater  than  100  drink-year  category  had  a  lover  mean  net  count 
than  those  vith  fever  drink-years. 

Using  a  general  linear  model  vith  adjustment  for  each  covariate  and  any 
significant  interactions  including  blood-drav  day  variation,  the  adjusted 
group  difference  vas  found  to  be  not  significant  (p-0.233;  Ranch  Hand  count 
of  193,280  CPM  versus  Comparison  count  of  188,952  CPM).  Significant  contri¬ 
butions  vere  made  by  race  (p-0.011),  an  age-by -current  smoking  interaction 
(p»0.007),  and  a  current  alcohol  usu-by-current  smoking  interaction  (p-0.008). 

A  marginally  significant  (p-0.057)  group- by-occupation  interaction  was 
excluded  from  the  final  model.  Hovever,  this  interaction  vas  explored,  and 
vas  found  to  be  due  to  a  group  difference  among  enlisted  flyers  (p-0.014); 
the  adjusted  mean  Ranch  Hand  net  stimulated  count  vas  greater  than  that  of 
the  Comparisons  (207,050  CPM  and  185,344  CPM,  respectively). 

Analyses  using  the  Original  Comparisons  (see  Tables  Q-9  and  Q-10  of 
Appendix  Q)  revealed  a  significant  group-by-occupation  interaction  (p-0.017), 
with  results  similar  to  the  Ranch  Hand  versus  total  Comparison  contrast  of 
net  counts;  namely,  enlisted  flyer  Ranch  Hands  had  an  adjusted  mean  count 
greater  than  enlisted  flyer  Original  Comparisons  (p-0.003). 
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Pokeveed  Net  Response 

No  significant  difference  vas  found  betveen  groups  in  the  mean  values  of 
net  response  to  pokeveed  (p«0.317).  These  data  were  analyzed  vithout  adjust¬ 
ment  for  any  covariates  except  blood-drav  day  variation. 

Significant  associations  were  found  using  the  pooled  group  data  vith 
drink-years  (p*0.038),  current  smoking  (p<0.001),  and  pack-years  (p-0.001). 
The  mean  count  vas  higher  for  those  vith  greater  than  100  drink-years  and 
lover  for  never-drinkers,  but  vith  no  pattern  for  the  in  betveen  categories. 
For  both  current  and  lifetime  smoking  (pack-years),  there  vas  a  3teady  upvard 
trend  in  mean  counts  vith  increasing  levels  of  smoking. 

The  difference  in  adjusted  group  means  vas  not  significant:  Ranch 
Hands,  91,567  CPM,  and  Comparisons,  90,097  CPH  (p-0.579).  The  folloving 
interactions  vere  significant:  race-by-occupation  (p-0.024),  current  alcohol 
use-by-occuoation  (p*G.036),  and  current  alcohol  use-by-current  smoking 
(p-0.009). 


Net  Response  to  MLC  Stimulation 

No  significant  difference  vas  found  betveen  groups  in  the  mean  response 
to  MLC  stimulation  (p«0.185).  These  data  vere  analyzed  without  adjustment 
for  any  covariates  except  blood-drav  day  variation. 

The  data  vere  pooled  for  the  tvo  groups,  and  the  relationship  vith  the 
covariates  vas  examined.  Significant  associations  vere  found  for  age 
(p-0.035),  drink-years  (p-0.008),  current  smoking  (jKO.OOl),  and  pack-years 
(p-0.015).  The  net  mean  count  generally  decreased  vith  increasing  age: 

84,543  CPM,  72,408  CPM,  and  79,081  CPM  for  these  born  in  or  after  1942, 
betveen  1923  and  1941,  and  in  or  before  1922,  respectively.  The  net  mean 
count  vas  loves t  for  never-drinkers,  vith  no  clear  pattern  among  the 
drinkers:  66,933  CPM,  78,555  CPM,  80,713  CPM,  34,236  CPM,  and  80,416  CPM  for 
the  0,  greater  than  0  to  5,  greater  than  5  to  30,  greater  than  30  to  100,  and 
greater  than  100  drink-year  categories,  respectively.  Than*  vas  a  mono- 
tonically  increasing  trend  in  net  average  count  vith  current  smoking,  the 
nonsmokers  having  a  much  lover  value  than  the  smokers.  An  equivalent  pattern 
vas  found  for  lifetime  smoking  (pack-years). 

Adjusted  analyses  were  carried  out  to  assess  the  group  difference  in 
mean  counts  of  MLC  net  response,  including  adjustment  for  the  significant 
blood-drav  day  variation.  A  significant  group  by  ,;ack-year  interaction  vas 
found  (p«0.046).  Never-smoking  Ranch  Hands  had  a  lover  adjusted  mean  count 
(68,921  CPM)  than  the  corresponding  Comparisons  (77,232  CPU)  (p»0.053). 

Ranch  Hands  in  the  greater  than  0  to  20  pack-year  category  had  a  lover 
adjusted  mean  count  (67,976  CPM)  than  the  corresponding  Comparisons 
(74,333  CPM)  (p-0.057).  The  adjusted  means  for  the  Comparisons  decreased 
vith  increasing  pack-years,  vhereas  those  of  the  Ranch  Hands  generally 
increased  (see  Table  Q-l  of  Appendix  Q).  Significant  contributions  vere  made 
to  the  model  by  drink-years  (p<0,001),  current  alcohol  use  (p-0.001),  and  a 
race-by-current  smoking  interaction  (p-0.043). 
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Discussion 

The  performance  of  the  phenotypic  and  cell  stimulation  studies  vas 
monitored  daily  by  highly  structured  quality  assurance  techniques  (see 
Chapter  6).  This  resulted  in  a  remarkably  error-free  data  set,  in  contrast 
to  the  immunologic  tests  at  the  Baseline  study  that  required  the  assistance 
of  a  review  group  to  determine  which  data  were  appropriate  for  analysis.  The 
finding  of  significant  blood-draw  day  and  batch-to-batch  variation  at  the 
followup  examination  vas  judged  to  be  totally  normal  and  inherent  within  the 
test  procedures:  only  a  fev  data  points  within  specific  variables  were 
omit tad  because  of  outlying  values.  The  unique  use  of  a  "batch*1  variable  for 
adjustment  of  all  the  phenotypic  and  stimulation  studies  permitted  unadjusted 
and  covariate-ad justed  group  contrasts  vhile  controlling  for  inherent 
laboratory  variation. 

All  unadjusted  and  adjusted  analyses  (vithout  group  interactions)  shoved 
no  significant  group  differences.  Analysis  of  MLC  revealed  a  group-by-pack- 
year  of  smoking  interaction  with  lover  counts  in  the  Kanch  Band  group  than  in 
the  Comparison  group  for  0  and  greater  than  0  to  20  pack-year  categories. 
Despite  differences  in  the  quality  of  Baseline  and  follovup  results,  slight 
changes  in  cohort  numbers,  and  different  mathematical  models,  there  vas 
remarkable  concordance  in  the  immunologic  results  of  both  examinations,  both 
for  the  dependent  variables  and  for  the  effects  of  the  covariates.  No 
judgment  of  adverse  immunologic  competence  vas  made  for  any  variable,  or  sets 
of  variables,  or  in  substrata  examined  because  of  group-by-covariate  inter¬ 
actions  for  the  cell  surface  marker  and  cell  stimulation  studies. 


EXPOSURE  INDEX  ANALYSES 

Within  each  occupational  category,  exposure  index  analyses  vere 
conducted  to  assess  possible  dose-response  relationships  (see  details  in 
Chapter  8).  Analyses  vere  performed  for  the  cell  surface  marker  variables 
(total  T  cells,  helper  T  cells,  suppressor  T  cells,  B  cells,  monocytes, 

HLA-DR  cells,  and  the  T4/Te  ratio)  and  for  the  functional  stimulation  tests 
(the  control  counts  per  minute  for  the  PHA  test,  and  the  net  PHA,  PWM,  and 
MLC  counts  per  ainute).  Analyses  vere  not  done  for  the  skin  test  responses. 

Unadjusted  and  adjusted  analyses  vere  performed  using  general  linear 
models.  Exposure  index- by-covariate  interactions  vere  explored  in  the 
adjusted  analyses.  Covariates  vere  age,  race,,  current  and  lifetime  alcohol 
use  (drink-years) ,  and  current  and  lifetime  cigarette  smoking  (pack-years). 
For  each  analysis,  an  overall  test  vas  made  of  the  differences  among  the 
means  corresponding  to  the  lov,  medium,  and  high  exposure  index  levels. 

Mediun  versus  lov  and  high  versus  lov  contrasts  of  means  vere  also  nede. 

Results  ot  the  adjusted  analyses  are  presented  in  Table  19-9  for  cell 
surface  markers  and  19-19  for  functional  stimulation  tests.  Parallel  results 
of  unadjusted  analyses  are  given  in  Tables  Q-2  and  Q-3,  Appendix  Q.  Results 
of  exposure  index-bv-covariaie  interactions  ire  also  given  in  Table  Q-4  of 
Appendix  Q. 
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TABLE  19-9. 

Adjusted  Exposure  T|*A©»  Analyses  for  Cell  Surface  Barkers  by  Occupation 
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TABU  19-9.  (continued) 
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TAIL!  19-9.  (continued) 


■it  cm  so 

o  m  «-t 

MHO 
•  •  • 
o  o  o 


Sr-  n 
cm  m 
rs  in  in 
•  •  « 
o  o  o 


o  o  o 


a 

*  3 


fH  pj  pj  H  pJ  pJ  pH  pJ  pJ 

rH  pH  pH 

e  •  •  a  •  • 

u  «  m  ban  u  m  a 

•  >  >  m  >  >  *  >  > 

3  X  DD  O  X  DO  0X00 


m 

8 

1 

8 

• 

• 

« 

H 

CS 

CM 

•k 

«k 

A 

m 

O 

Op 

•n  oo 

CO  ^ 

S3 

r-  o 
cm  in 

N  • 

m  • 

oo  • 

0) 

*1 

Cl  *  c 

Cl  •  »H 

CM  pH  w 

in  h  v 

P—L 

PS 

PS 

Os 

CM 

CM 

Csl 

CM 

pH 

CM 

pH 

pH 

• 

• 

• 

CM 

CM 

CM 

t* 

ap 

«b 

H 

in 

m 

m  cm 

os  in 

£3 

r-  os 

Cl  Os 

m  • 

m  • 

00  • 

CM  •  O 

m  •  o 

•  pH 

<0  »H  W 

CM  pH  -H 

t—  pH  -h 

p's 

CS 

P'S 

SO 

r«C 

Os 

CM 

P-- 

fs 

O 

CM 

O 

• 

p 

• 

CM 

CM 

CM 

pp 

■S 

& 

sO 

rs 

sO  CM 

«n 

Cl  cc 

Cl  ^ 

CM  SO 

rv  o 

Cl  • 

'O  * 

00  • 

CM  •  O 

H  •  H 

in  •  ph 

SO  »H  W 

NH  v 

sCH  w 

19-29 


TABLE  19-10. 

Adjusted  Exposure  Index  Analyses  for  Functional  Stimulation  Tests  by  Occupation 
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TABLE  19-10.  (continued) 

Adjusted  Exposure  Index  Analyses  lor  Functional  Stimulation  Tests  by  Occupation 
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Group-by-covariate  interaction— adjusted  aean,  confidence  interval,  and  p-value  not  presented. 


Cell  Surface  Markers 


Unadjusted  analyses  revealed  very  fev  significant  results.  Among 
enlisted  groundcrev,  the  aedium  exposure  level  had  a  significantly  lover  mean 
total  T  cell  count  than  the  lov  exposure  level  (1,553  cells/ni  versus 
1,739  cells/mm1,  p-0.032),  and  the  high  exposure  level  aean  vas  marginally 
significantly  (p-0.091)  lover  than  the  lov  exposure  level  seen  (1,386  cells/ 
mmT  versus  1,739  cells/ma1).  Suppressor  T  cells,  for  enlisted  groundcrev  in 
the  lov  exposure  level,  vere  marginally  significantly  higher  than  in  the 
medium  or  high  exposure  levels  (575.5,  302.3,  303.5  cells/aa,  respectively) 
medium  versus  lov,  p*0.063,  high  versus  lov,  p>0.097).  Por  enlisted  flyers, 
the  trends  vith  exposure  level  vere  steadily  dovnvards  for  total  T  cells, 
helper  T  cells,  B  cells,  and  the  T(/T(  ratio,  and  upvards  for  suppressor  T 
cells  and  monocytes,  but  no  contrasts  vere  significant. 

Adjusted  analyses  revealed  margin  illy  significant  differences  among 
exposure  levels  of  enlisted  groundcrev  for  total  T  cells  (p*0.068)  and 
suppressor  T  cells  (p-0.088).  For  both  total  and  suppressor  T  cells,  the 
means  for  the  medium  and  high  exposure  levels  vere  such  lover  than  those  of 
the  lov  axposure  level.  For  total  T  cells,  the  adjusted  means  veret  lov, 
1,737  cells/aa  ;  medium,  1,333  cells/ma1 ;  and  high,  1,538  cells/aa1  (medium 
versus  lovt  p-0.029,  high  versus  lovt  p-0.085).  Por  suppressor  T  cells, 
the  adjusted  means  veret  lov,  558.6  cells/aa1;  medium,  480.8  cells/ma1;  and 
high,  483.7  cells/aa1  (medium  versus  lov  p»0.044,  high  versus  lov  p*0.081). 

A  similar  but  less  marked  pattern  vas  seen  for  helper  T  cells. 

In  summary,  there  ves  no  consistent  evidence  of  any  significant  dose- 
response  pattern  in  an  occupational  category.  For  the  enlisted  flyer  cohort, 
six  of  the  seven  variables  revealed  nonsignificant  dose-response  trends  in 
the  unadjusted  analyses,  but  only  tvo  trends  persisted  after  adjustment  by 
the  covarlates. 


Functional  Stimulation  Tests 


Exposure  index  analyses  vere  performed  on  PHA  unstiaulated  responses, 
and  net  PHA,  PVM,  and  MLC  counts.  For  officers,  the  unadjusted  mean  PHA 
unstiaulated  response  counts  varied  significantly  among  exposure  levels 
(p-0.047).  The  means  vere  1,705  CPM,  1,428  CPM,  and  1,809  CPM,  respectively, 
for  lov,  medium,  and  high  exposure  levels  (medium  versus  lovt  pa0.071,  high 
versus  lovt  p»0.557).  The  PVM  net  count  for  enlisted  flyers  vas  signif¬ 
icantly  lover  for  the  high  versus  the  lov  exposure  levels  (55,480  CPM  versus 
92,947  CPM,  p-0.011).  The  PHA  net  count  had  a  dovnvard  trend  vith  increasing 
exposure  level  for  enlisted  groundcrev.  The  PVM  net  count  for  officers  had 
an  Increasing  tren’  but  there  vas  no  statistically  significant  difference 
among  exposure  levels. 

In  the  adjusted  analyses,  officers  had  a  significant  exposure  index-by¬ 
drink-year  interaction  (pk).011)  for  PHA  controls,  and  an  exposure  index-by¬ 
age  interaction  for  the  PHA  net  count  (p»0.003)  (see  Table  19-11  for  a 
summary  of  these  interactions).  Although  the  numbers  vere  small,  the  high 


TAIL*  19-11. 


Summary  of  Exposure  Indue  by  Covariate 
Interactions  for  Functional  Stimulation  Tests 


Variable 

Occupation 

Covariate 

p-Value 

Unstiaulated 
Response  (PHA) 

Of ficar 

Drink-years 

0.011 

PHA  Net 

Response 

Officer 

Age 

0.003 

exposure-level  nondrinking  officers  had  a  lover  netm  PHA  control  count  than 
the  lov  exposure  level  (1,557  CPM  versus  3,273  CPK,  p-0.031),  and  the  high 
exposure  level  officers  vith  aore  than  100  drink- years  had  a  higher  PEA 
control  count  than  the  corresponding  lov  exposure  group  (6,700  CPH  versus 
1,983  CPM,  p-0.049).  Officers  born  in  or  after  1942  had  a  lover  PHA  net 
cou.it  in  the  aediua  exposure  level  as  contrasted  vith  the  lov  exposure  level 
(153,534  CPM  versus  261,397  CPM,  p-0.002). 

Other  adjusted  analyses  revealed  that  enlisted  flyers  had  a  lover  PUH 
net  count  in  the  high  exposure  level  as  compared  to  the  lov  exposure  level 
(111,772  CPH  versus  173,897  CPM,  p-0.014),  as  in  the  unadjusted  analysis. 
Enlisted  groundcrev  in  the  aediua  exposure  level  also  had  a  aarginally 
significantly  higher  MLC  net  count  as  cornered  to  the  lov  exposure  level 
(78,759  CPM  versus  61.403  CPM,  p-0.097). 

In  summary,  there  vas  no  evidence  for  a  strong  dose-response  relation¬ 
ship,  but  there  vas  a  trend  for  declining  PVM  and  MLC  net  counts  for  enlisted 
flyers  vith  increasing  exposure  level. 


SKIN  TESTING  RESULTS 


General 


Four  skin  test  antigens,  auaps,  Candida  albicans.  Trichophyton,  and 
staph-phage-lysate,  vere  intradernally  adalnistered  to  76  percent  (1,759)  of 
the  participants  on  tha  first  day  of  tha  axaaination.  Skin  tasts  vera  not 
given  to  the  remaining  24  percent  of  the  population  because  they  had  been 
selected  to  give  blood  for  the  immunological  tests  on  the  second  day  of  their 
examination.  Candida  albicans  and  Trichophyton  tests  vere  administered 
(0.1  ml)  at  a  1:1000  veight/volume  dilution  because  of  clinical  concern  that 
a  1:100  or  higher  concentration  night  induce  significant  skin  reactions  and 
cause  morbidity  in  the  active  pilot  population.  Mumps  vas  given  at  a  dose  of 
2  coapleaenj-f ixing  units,  and  staph-phage- lysate  vas  administered  at  a  dose 
of  C-9  x  10*  colony-foraing  units  of  Staph,  aureus  and  0.5  -  5  x  10* 
bacteriophage  plaque- forming  units. 
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Three  experienced  technicians  froa  tha  SCRF  Allergy  Division  measured 
the  size  of  both  induration  and  skin  erythema  by  the  "pen  tethod"  at  24  and 
48  hours  after  administration.  Each  reader  vas  required  to  measure  the  skin 
reactions  by  a  millimeter  ruler  and  record  length  and  breadth  measurements  at 
each  of  the  four  sites,  refer  exaggerated  reactions  to  a.i  allergist,  collect 
medication  use  data,  and  sign  the  data  fora.  The  skin  test  data  were 
interpreted  by  defined  criteria,  as  given  in  Table  19-12.  Other  categories 
included:  impairment  noted,  clinical  correlation  required;  normal  (versus 
abnormal)  results;  with  medications  noted;  and  refusal. 

Of  the  1,759  participants  with  skin  tests,  269  were  excluded  from  the 
analyses  for  the  follovlng  reasons:  205  due  to  missing  reader  signature  or 
failure  of  the  participant  to  report  for  the  48-hour  reading;  58  because  of 
immunosuppressive  medication,  cancer  chemotherapy,  or  x-ray  therapy;  3  for 
impaired  hypersensitivity  requiring  more  tests;  and  3  due  to  refusal. 

Readings  at  24  hours  were  not  analyzed  since  these  readings  occurred  prio  o 
peak  response  to  the  antigens. 


Statistical  Analyses  and  Interpretations 

The  initial  analytical  intent  vas  to  test  Ranch  Hand-Comparison  group 
differences  in  skin  test  response  by  standard  models,  using  both  discrete  and 
continuous  data.  In  the  preanalysis  of  the  continuously  distributed  data 
(length  by  vidth  measurement  of  the  skin  reactions),  there  vas  a  suggestion 
of  profound  reader  variation.  This  observation  generated  a  series  of 
contrasts  betveen  the  readers  prior  to  group  testing. 

Figures  19-1  through  19-6  shov  contrasts  of  the  three  skin  test  readers 
from  the  tests  of  mumps  and  Trichophyton.  Bach  graph  shovs  the  individual 
plots  of  the  48-hour  induration  square  area  measurement  versus  the  48-hour 


TABLF  19-12. 

Clinical  Interpretation  Categories  of 
Skin  Test  Results  by  Specific  Measurement 
Criteria  at  SCRF 


Clinical  Interpretation  Category  Measurement  Criteria 


Normal  (Delayed  Cutaneous 

Hypersensitivity  Intact) 

Length  (L)  induration  8  48  Hrs  £10  mm 
Vidth  (V)  induration  8  48  Hrs  >  10  mm 
on  any  one  of  four  skin  tests 

Probably  Normal  (Probably  Intact 

Delayed  Cutaneous 
Hypersens i t i vi ty ) 

L  induration  8  48  Hrs  >  5-<10  mm 

V  induration  @  48  Hrs  £  5-<10  mm 
on  any  one  of  four  skin  tests 

Possibly  Anergic 

L,  V  induration  or  erythema  @  48  Hrs 
>0-<5  mm  on  any  one  or  more  of  four 
skin  tests 

Anergic 

L  and  V,  induration  at  48  hrs  -  0  on 
all  skin  tests. 

19-34 


i 


O  00  (O  TT  CN  O 


Log 

(Arsa  of  48-Hour 
INDUR  Maas  +  V 


19-25 


Figure  19-1. 

Relationship  of  Induration  Measurements  to  Erythema 
Measurements  for  the  Mumps  Skin  Test 
Reader  1  Results 
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Figure  19-2. 

Relationship  oV  Induration  Measurements  to  Erythema 
Measurements  for  the  Trichophyton  Skin  Test. 
Reader  1  Results 
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Figure  19-3. 

Relationship  of  Induration  Measurements  to  Erythema 
Measurements  for  the  Mumps  .Skin  Test 
Reader  2  Results 
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Figure  19-4. 

Relationship  of  Induration  Measurements  to  Erythema 
Measurements  for  the  Trichophyton  Skin  Test 
Reader  2  Results 
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square  area  erythema  aaasuraaant  by  specific  skin  tast  and  reader.  These 
measurements  a:  presented  in  log  units  to  centralize  the  outlying  values. 
These  analyses  were  done  because  the  size  of  Induration  rarely  exceeds  the 
size  of  the  ery these  reaction.  Thus,  each  of  the  depicted  graphs  shovs  a 
line  of  values  vlth  the  sizes  of  ery these  equal  to  the  size  of  induration; 
this  line,  and  all  values  on,  or  to  the  lover  right  of  the  line,  are  labeled 
"clinically  acceptable"  values.  All  values  above  ant  to  the  left  of  the 
line,  deemed  "clinically  unacceptable,"  are  probably  due  to  hurried  measure¬ 
ments  by  inspection  (rather  than  the  pen  sethod)  or  recording  errors. 

These  figures  desonstrated  a  narked  difference  in  the  occurrence  of 
clinically  unacceptable  results  between  readers  for  cosparable  tests.  Spe¬ 
cifically,  Reader  2's  seasurenents  revealed  a  higher  proportion  of  clinically 
unacceptable  results  than  those  observed  vith  Readers  1  and  3.  Further,  the 
graphs  supported  sons  variation  in  the  clinically  acceptable  seasuresent 
values  betveen  Reader  1  and  Reader  3.  Because  of  these  discordances,  further 
analyses  of  the  continuously  distributed  data  vere  abandoned  in  favor  of 
discretized  analyses. 

Categorical  analyses  vere  conducted  on  tvo  parameters  of  the  skin 
testing  results,  the  area  aeasureaent  relationship  of  induration  to  erythema, 
and  the  clinical  interpretation  of  the  skin  test  readings.  Each  of  the  three 
readers  vas  compared  for  48-hour  measurements  on  the  same  skin  test,  cate¬ 
gorising  the  induration-erythema  relationship  as  (1)  Induration  (I)  equals 
Erythema  (B)  (both  values  equal  to  zero),  (2)  8  greater  than  I,  (3)  I  equals 
E,  and  (4)  I  greater  than  B.  As  previously  noted,  only  the  category  of  I 
greater  than  B  vas  judged  clinically  unacceptable.  An  analysis  of  these  four 
categories,  by  reader,  for  each  of  the  four  skin  tests,  shoved  a  profound 
statistical  difference  (p<0.001)  betveen  the  readers  for  all  four  skin  tests. 
An  average  of  the  percentages  for  each  category  by  reader  is  shovn  in  Table 
19-13,  exemplifying  the  narked  differences  (a  p-value  is  inappropriate  due  to 
the  averaging). 


TABLR  19-13. 

Induration  Erythema  Relationships  in  Average 
Percentage  Over  Pour  Skin  Tests,  by  leader 


In  Percent 


Reader 

I-E-Zero* 

B>I 

I-K 

I>B 

1 

26.2 

53.9 

19.8 

0.1 

2 

7.0 

42.3 

20.7 

30.0 

3 

24.1 

35.4 

39.6 

0.9 

♦It Induration 
E:  Erythema 
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Th«s«  data  show  aarkad  reader  dlffarancas  for  the  category  I  greater 
than  B.  The  magnitude  of  clinically  unacceptable  results  (30. OX  on  the 
average  for  four  skin  tests)  for  Reader  2  (visually  shtvn  in  Pigures  19-3  and 
19-4)  strongly  suggested  that  this  entire  data  set  vat  invalid.  Further,  the 
data  pattern  froa  Reader  2  vas  shown  to  be  uniform  over  time,  confirming  the 
existence  of  a  consistent  bias.  In  this  light,  the  existence  and  magnitude 
of  a  reverse  error  for  Reader  2,  i.e.,  misreadings  of  I  equals  E  equals  0,  E 
greater  than  I,  and  I  equals  B,  seen  plausible,  but  unestimable.  Of  these 
three  categories,  I  equals  B  equals  0  is  the  most  clinically  important 
(suggesting  energy),  and  Table  19-13  provides  clear  evidence  of  a  negative 
bias,  vith  Readers  1  and  3  shoving  over  three  times  more  average  detection  of 
energy  than  Reader  2.  Also  of  interest  in  Table  19-13  are  the  substantial 
differences  in  the  categories  B  greater  than  I  and  I  equals  E  for  Readers  1 
and  3.  Analyses  of  the  four  skin  tests  by  erythema-induration  relationships 
shoved  statistically  significant  differences  beveen  Readers  1  and  3  for  all 
four  tests  (p<0.001  for  mumps,  Candida  albicans,  and  Trichophyton,  and 
p-0.036  for  staph-phage- lysate). 

The  decision  to  remove  Reader  2  data  froa  subsequent  analysis  vas  agreed 
to  by  all  the  Principal  Investigators,  recognising  the  minimal  role  of 
erythema  as  a  contemporary  indicator  of  anergy.  This  decision  vas  based  on 
the  concern  that  an  error  in  erythema  measurement  likely  indicated  an  error 
in  measurement  of  Induration  (the  predominant  indicator  of  anergy). 

In  preparation  for  the  analysis  of  group  data  remaining  from  Readers  1 
and  3,  it  vas  noted  that  the  clinical  interpretations  (see  Table  19-12)  from 
these  valid  readings  were  Inconsistent  over  time  of  the  study.  Specifically, 
80  percent  of  relative  anergy  and  anergy  occurred  in  the  first  10  of  81 
groups  of  participants  (or  2  1/2  months  of  the  9-month  examination  period). 
Further,  the  proportion  of  diagnoses  of  anergy  between  the  allergists  vas 
disproportionate.  The  value  of  these  analyses  vas  therefore  reduced. 


SUMfART  AMD  CONCLUSIONS 

Imvinologlc  competence  vas  measured  by  cell  surface  marker  (phenotypic) 
studies  and  cell  stimulation  studies  on  47  percent  of  the  study  population, 
and  by  a  four  antigen  series  of  skin  tests  in  76  percent  of  participants  to 
assess  tho  delayed  hypersensitivity  response.  Table  19-14  summarises  the 
results  of  all  unadjusted  and  adjusted  analyses  on  11  primary  variables 
spanning  the  first  tvo  of  these  three  functional  areas. 

Cell  surface  marker  studies  were  conducted  for  total  T  cells  (T,1), 
helper  T  cells  (T4),  suppressor  T  cells  (T,),  B  cells,  monocytes,  and  BLA-DR 
cells;  the  ratio  of  T./T(  cells  vas  included  in  the  analysis.  Because  of 
inherent  significant  day-to-day  and  batch- to-batch  variation,  all  results 
(including  functional  stimulation  studies)  vere  adjusted  for  blood-drav  day 
variation.  Statistical  testing  of  the  seven  phenotypic  cell  markers  did  not 
reveal  any  significant  group  differences  (interactions  excepted),  either 
unadjusted  or  adjusted  for  tho  covariates  of  age,  race,  occupation,  current 
smoking,  lifetime  smoking  history  (pack-years),  current  alcohol  use,  or 
lifetime  alcohol  use  (drink-years).  Similarly,  none  of  the  unadjusted  or 
adjusted  analyses  of  the  functional  stimulation  studies  (for  phyto- 
hemagglutinin,  pokeveed  mitogen,  or  mixed  lymphocyte  culture)  shoved  any 
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TABLE  19-14. 


Overall  Summery  Results 
of  Unadjusted  acd  Adjusted 
Analyses  of  Immunological  Variables 


Variable 

Total  T  Cells  (T.. ) 

Helper  T  Cells  <t4) 
Suppressor  T  Cells  (T.) 

B  Cells 
Monocytes 
HLA-DR  Cells 
T4/T4  Ratio 

Unstimulated  Response  (PflA) 
PBA  Net  Response 
Pokeveed  Net  Response 
MLC  Net  Response 


Unadjusted 

Adjusted 

NS 

♦♦♦♦ 

NS 

NS 

NS 

NS 

NS 

♦♦♦♦ 

NS 

♦♦♦♦ 

NS 

♦♦♦♦ 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

♦♦♦♦ 

NSiNot  significant  (p>0.10). 

♦'♦♦♦Significant  group-by-covariate  interaction. 


statistically  significant  group  differences.  Hovever,  the  adjusted  analyses 
for  total  T  cells,  B  cells,  Monocytes,  HLA-DR  cells,  pokeveed  alt open,  and 
net  nixed  lymphocyte  culture  stiaulation  shoved  some  significant  group-by¬ 
covariate  interactions,  precluding  direct  adjusted  group  contrasts.  Overall, 
no  discernible  pet tern  vas  identified  to  suggest  a  detriment  in  any  subgroup 
of  either  the  Ranch  Hands  or  Comparisons.  Results  vere  similar  between  the 
analyses  of  the  total  Comparison  group  and  the  analyses  of  the  Original 
Comparisons. 

The  coverlets  effects  of  age,  race,  smoking,  and  alcohol  use  vere 
generally  profound  on  most  variables  in  the  phenotypic  and  stimulation 
studies.  Consistently  decreasing  values  of  all  cell  markers  and  stimulated 
cells  vere  associated  vlth  increasing  age,  vhereas  increased  levels  of 
smoking  vere  usually  associr*ed  vith  increases  in  the  values  of  those 
variables.  Blacks  had  consistently  higher  stimulated  cell  counts  than 
nonblacks,  but  this  effect  vas  not  observed  for  counts  of  T  cells,  B  cells, 
or  HLA-DR  cells.  Enlisted  personnel  generally  had  higher  cell  surface  Barker 
courts  than  officers. 

Exposure  index  analyses  of  cell  surface  markers  revealed  no  pattern 
consistent  vith  a  dose-response  relationship.  For  enlisted  gnundcrev,  the 
mean  total  T  cell  and  suppressor  T  cell  counts  for  the  medium  exposure  level 
vere  significantly  lover  than  those  of  the  lov  exposure  level,  but  vere 
slightly  lover  than  those  of  the  high  exposure  level.  The  exposure  index 
dialyses  of  the  functional  stimulation  tests  revealed  no  consistent  signif¬ 
icant  dose-response  patterns  for  net  PHA  counts  or  net  MLC  counts.  For  net 
pokeveed  counts,  enlisted  flyers  in  the  high  exposure  level  had  a  signifi¬ 
cantly  lover  adjusted  count  than  enlisted  flyers  in  the  lov  exposure  level, 
and  a  decreasing  trend  vas  apparent. 


r 


«.« > 
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The  delayed  hypersensitivity  response  vas  assessed  by  the  <i>cin  test 
antigens  of  mumps,  Candida  albicans,  Trichophyton,  *nd  staph-phage  -lysate. 

The  48-hour  neasureeents  of  skin  induration  and  erythema  for  the  four  tests 
shoved  narked  inter-reader  variation.  Analyses  shoved  that  one  of  the  three 
skin  test  readers  too  often  Measured  induration  larger  than  erythema  (a 
clinically  unacceptable  finding),  in  an  average  of  10  percent  of  the 
readings,  and  did  not  yield  measurements  that  detected  a  case  of  possible  or 
overt  energy,  vhereas  the  other  tvo  readers  found  this  condition  in  5.6  per¬ 
cent  of  the  participants.  Remaining  data  from  Readers  1  and  3,  hovever,  vere 
found  to  vary  significantly  in  clinical  interpretation  over  duration  of  the 
examination.  Consequently,  all  skin  test  data  vere  declared  invalid,  and 
vere  not  used  in  the  assessment  of  group  differences.  The  skin  test  reading 
problems  led  to  the  use  of  additional  clinical  quality  control  procedures  for 
the  AFHS  follovup  examination  begun  in  Hay  1987. 

In  conclusion,  no  significant  group  differences  vere  judged  present  for 
the  comprehensive  cell  surface  marker  or  functional  stimulation  studies.  The 
profound  effects  of  age,  smoking,  and  alcohol  use  vere  observed  in  these 
immunologic  tests.  The  assessment  of  delayed  hypersensitivity  skin  responses 
vas  precluded  by  poor  data  quality  and  excluded  from  further  analysis. 
Overall,  there  vas  no  indication  of  impaired  immunologic  competence  in  either 
group. 
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CHAPTER  20 


FULHORART  DISEASE 


nmtoDocnoH 

Pulaonary  dysfunction  and  overt  pulmonary  disease  ara  not  recognized 
clinical  entities  resulting  froa  axposura  to  chlorophanols  oc  TCDD. 

Acuta  axposura  to  chlorophanols,  phanoxy  harbicidas,  and  TCDD,  have 
causad  the  traditional  acuta  symptoms  of  cough,  nasal/lung  irritation, 
shortnass  of  breath,  and,  occasionally,  bronchitis.  These  syaptoas  have  been 
noted  almost  exclusively  in  Industrial  workers  and  not  in  Individuals 
experiencing  casual  contact.  Long-term  sequelae  arising  froa  the  acuta 
syaptoa  stage  in  ill  Individuals  have  not  been  generally  known  because  of 
ainiaal  follovup  and  surveillance  of  the  pulaonary  syaptoas. 

Only  one  conteaporary  aorbidity  study  has  attributed  pulaonary 
dysfunction  to  phenoxy  herbicide  and  TCDD  exposure.  The  percent  abnoraal 
pulaonary  paraaeters  of  forced  expiratory  voluae  (PEV),  forced  vital  capacity 
(PVC),  forced  expiratory  voluae  in  one  second  (FEV,)/FVC  ratio,  and  forced 
aidexpiratory  flow  rata  (FEF 
workers  who  currently  saoke, 
considerable  contrast,  these  test  paraaeters  were  essentially  equal  in 
nonsaokers  and  former  saokers  of  both  the  exposed  and  i.c.,exposed  groups.  The 
effect  of  current  saoking  persisted  after  a  logistic  regression  analysis 
adjusting  for  pack-years  of  cigarette  saoking.  Adjusted  aeans  of  the  test 
paraaeters  FEV,  FVC,  and  FEV1/FVC  also  shoved  significant  differences  for 
current  saokers  but  not  for  nonsaokers  or  foraer  saokers. 

As  vith  other  nondassical  clinical  endpoints,  prior  investigators 
perhaps  undervalued  the  incorporation  of  pulaonary  disease  and  function  into 
their  study  protocols. 

Further,  due  to  the  profound  effect  of  saoking  on  pulaonary  function, 
great  emphasis  must  be  placed  in  the  collection  of  highly  accurate,  detailed, 
and  validated  saoking  data  as  an  adjustment  variable,  a  process  that  is  not 
straightforward  in  today's  environment  of  anti saoking. 

The  only  recent  data  comparable  to  this  study  are  found  in  the  1984  AFHS 
Baseline  Morbidity  Report,  vhich  is  reviewed  beiov. 


j,  75)  were  significantly  higher  in  exposed 
than  in  nonexposed  workers  who  saoke.  In 


Baseline  Summary  Results 

The  1982  Baseline  exaaination  explored  historical  pulaonary  disease  by 
questionnaire  and  active  pulmonary  function  by  standardized  spirometric  tech¬ 
nique  at  the  physical  exaaination.  These  areas  were  of  significant  interest 
because  of  routine  operational  inhalation  of  Herbicide  Orange  by  all  Ranch 
Hand  flying  crewmen  as  veil  as  ground  maintenance  personnel  (Baseline  Report 
Chapter  1,  Buckingham). 


20-1 


Th«  questionnaire  revealed  no  group  differences  for  historical  diagnoses 
of  tuberculosis  and  fungal  infections,  pneumonia,  cancer,  or  chronic  sinusitis 
and  upper  respiratory  disease.  At  the  physical  examination  the  unadjusted 
aeans  for  FEV1  (percent  predicted),  FVC,  and  the  F8V./FVC  ratJ .  were  almost 
identical  betveen  the  Ranch  Hands  and  Comparisons.  Adjusted  mean  values  were 
not  calculated  due  to.  significant  interactions  (age,  group,  and  pulmonary 
function  for  FBV1  and  FVCj  smoking  with  FEV^/FVC). 

Detailed  exposure  analyses  shoved  two  significant  associations  in  the 
enlisted  flyer  and  enlisted  groundcrev  strata,  but  neither  vas  indicative  of 
linear  dose  response.  Attempts  to  adjust  the  means  of  the  pulmonary  function 
values  for  age  and  smoking  revealed  several  interactions,  but  essentially 
negative  results. 

Overall,  there  were  no  pulmonary  disease  or  pulmonary  func'ion  data  or 
associations  of  concern. 


Parameters  of  the  1985  Pulmonary  Examination 

Because  of  the  essentially  negative  pulmonary  analyses  from  the  Baseline 
examination,  pulmonary  function  (spirometric)  studies  vere  not  performed 
during  the  first  f ollovup  examination.  Collection  of  pulmonary  data  vas 
limited  to  a  questionnaire  history  of  respiratory  disease,  physical  examina¬ 
tion  of  the  thorax  and  lungs,  and  pulmonary  abnormalities  detected  on  a  rou¬ 
tine  chest  x  ray. 

Thus,  the  data  analyses  consist  of  group  assessments  of  respiratory  dis¬ 
ease  incidence,  physical  examination  abnormalities,  and  the  current  prevalence 
of  x-ray  abnormalities.  Covariate  adjustments  are  made  for  age  and  smoking 
(yes,  no,  former,  snd  pack-years).  Minor  numeric  differences  in  the  tables 
are  due  to  rare  missing  dependent  variable  or  covariable  data.  The  analyses 
are  based  on  1,016  Ranch  Hands  and  1,293  Comparisons.  No  exclusions  based  on 
clinical  conditions  were  made 

Mortality  due  to  respiratory  disease,  as  of  31  December  1985,  in  the 
Ranch  Hand  and  the  1:5  matched  Comparison  cohort  is  summarized.  Morbidity 
data  are  analyzed  using  linear  and  loglinear  models. 


RESULTS  AND  DISCUSSION 


Wort all ty  Experience 

The  mortality  of  the  Ranch  Hand  and  Comparison  groups  through  31  December 
1985  vas  evaluated.  There  were  seven  deaths  from  respiratory  system 
conditions  in  the  Comparison  group  and  none  in  the  Ranch  Hand  group.  This 
analysis  vas  based  on  the  1:5  Ranch  Hand  to  Comparison  mortality  study 
cohorts.  Two  of  these  deaths  were  Comparison  flying  officers,  three  vere 
enlisted  flyers,  and  the  remaining  two  vere  enlisted  groundcrev. 


Unadjusted  Morbidity  Analyses 


Analyses  vere  performed  on  the  history  of  respiratory  illnesses  as  pro¬ 
vided  by  the  participants  during  the  physical  examination.  The  results  of  the 


radiological  and  clinical  examination  of  the  lungs  and  chest  vere  also 
analyzed.  These  unadjusted  analyses  are  summarized  in  Tables  20-1  and  20-2. 

As  shown,  no  significant  group  differences  vere  observed  for  history  of 
asthma,  bronchitis,  pleurisy,  pneumonia,  or  tuberculosis.  Similar  non¬ 
significant  results  vere  found  in  the  evaluation  of  the  clinical  variables. 

Parallel  analyses  vere  conducted  using  data  from  tho  Original  Compar¬ 
isons,  with  comparable  results  (Appendix  R,  Table  R-l). 


Adjusted  Morbidity  Analyses 

Statistical  adjustment  for  the  effects  of  age  and  lifetime  smoking  did 
not  alter  the  findings  of  group  similarity  seen  in  the  unadjusted  analyses. 
Lifetime  smoking  was  categorized  as  nonsmoking  (0  pack-years),  moderate 
(greater  than  0  to  10  pack-years)  and  heavy  (greater  than  10  pack-years). 

These  results  are  shovn  in  Table  20-3. 

Lifetime  smoking  consistently  exerts  significant  effects  on  nearly  all 
historical  illness  and  clinical  examination  variables,  and  age  vas  an  impor¬ 
tant  factor  for  the  history  of  pneumonia  and  the  clinical  assessment  of  thorax 
and  lungs  (representing  an  overall  clinical  assessment  of  normality/ 
abnormality  in  the  respiratory  system),  chest  asymmetry,  the  presence  of 
hyper resonance,  rales,  and  the  presence  of  x-ray  abnormality. 

There  vere  significant  or  borderline  signifies  t  group-by-pack-year 
interactions  in  analyses  of  a  history  of  pleurisy  and  tuberculosis,  for  the 
presence  of  rales  on  examination,  and  for  x-ray  abnormality.  There  vas  also 
an  interaction  for  asthma  of  borderline  significance  (p-0.068).  A  significant 
group-by-age  interaction  vas  seen  for  the  presence  of  rales.  The  results  of 
analyses  stratified  to  clarify  those  interactions  are  shovn  in  Table  20-4. 

Nonsmoking  Ranch  Hands  had  significantly  more  ast  ma  (p-0.050)  than  their 
nonsmoking  Comparisons,  while  the  history  of  asthma  vas  not  significantly 
different  in  either  category  of  smokers.  Pleurisy  vas  significantly  more 
frequent  in  moderately  smoking  Ranch  Hands  (p-0.0001) ,  but  bordered  on  being 
significantly  increased  in  heavily  smoking  Comparisons  (p«0.060).  Analyses  of 
a  history  of  tuberculosis  and  the  presence  of  rales  vas  hampered  by  small 
numbers  of  cases  in  both  groups  (a  total  of  13  cases).  The  presence  of 
several  cells  containing  zeros  makes  interpretation  of  these  analyses 
extremely  difficult.  Except  in  those  strata  vith  zero  cells,  no  statistical 
significance  vas  noted.  In  the  analysis  of  x-ray  abnormalities,  the 
nonsmoking  Ranch  Hands  had  significantly  less  abnormality  (p«0.C30)  than  the 
nonsmoking  Comparisons.  Analyses  of  other  strata  did  not  reveal  any 
significant  group  differences. 

These  adjusted  analyses  vere  performed  on  data  from  the  Original 
Comparisons,  vith  similar  results  (see  Tables  20-2  and  20-3). 


EXPOSURE  ANALYSES 

The  pulmonary  data  from  the  Ranch  Hands  vere  analyzed  using  the  exposure 
index  as  a  covariate  (categorized  as  high,  medium,  or  low  within  each  occupa¬ 
tional  stratum).  The  percent  abnormality  at  each  level  of  exposure  for  each 
clinical  or  historical  variable  is  presented  in  Tables  20-5,  20-6,  and  20-7. 


20-3 


Unadjusted  Analyses  of  Reported  History  of  Respiratory  Illness  by  Group 
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TABLE  20-3. 


Adjusted  Analyses  of  Respiratory  Variables  by  Group* 


Group 


Variable 

Ranch 

Hand 

Total 

Compar¬ 

ison 

Total 

Adj.  Relative 

Risk  (95X  C.I.)  p- 

-Value 

Covariate 

Remarks** 

Asthma 

1,012 

1,290 

1.16  (0.76,1.75) 

0.57 

PACkYR  (p-0.023) 
GRP*PACKYR 

(Borderline:  p»0.068) 

Bronchitis 

1,011 

1,290 

0.97  (0.76,1.25) 

0.83 

None 

Pleurisy 

1,012 

1,289 

**** 

**** 

GRP*PACKYR 

(p-0.0026) 

Pneumonia 

1,012 

1,289 

1.02  (0.82,1.26) 

0.93 

AGE  (p-0.0001) 

Tuberculosis 

1,011 

1,290 

**** 

GRP* PACKYR 
(p-0.034) 

Thorax  and 

Lungs 

1,011 

1,291 

1.27  (0.87,1.84) 

0.19 

AGE  (p<0.0001) 

PACKYR  (p<0.001) 

Asymmetrical 

Expiration 

1,011 

1,291 

0.81  (0.14,4.85) 

0.35 

AGS* PACKYR 
(p-0.036) 

Hyperresonance 

1,011 

1,291 

1.04  (0.63,1.73) 

0.80 

AGE  (p<0.00Cl) 

PACKYR  (p<0.0001) 

Dullness 

1,011 

1,291 

2.56  (0.31,17.66) 

0.47 

None 

Vheesres 

1,011 

1,291 

1.46  (0.80,2.64) 

0.22 

PACKYR  (p<0.000l) 

Rales 

1,011 

1,291 

GRP* AGE  (p-0.046) 
GRP*PACKYR 

(Borderline:  p-0.070) 
AGE*PACKYR 

(Borderline:  p«0.090) 

X  Ray 

i,oce 

1,287 

0.85  (0.65,1.11) 

0.22 

AGE  (p<0.000l) 

PACKYR  (p-0.0019) 
GRP*PACKYR 

(Borderline:  p*>0.060) 

*Group-by-covariate  interactions  are  described  in  Table  20-4. 


^Abbreviations 

PACKYR:  Lifetime  smoking  history  (pack-years) 

GRP:  Group 

****GL-oup-by-covariate  interaction — relative  risk,  confidence  interval,  and 
p-valuc  not  presented. 
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>10  n  437  526 

Abnoraal  21  4.81  41  7.79  0.60  (0.35,1.02)  0.06 

dorsal  416  95.19  485  92.21 


TABLE  20-4.  (continued) 
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TABLE  20-4.  (continued) 

of  Group- by-Covarlate  Interactions  for  Inspiratory  Variables 
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No  abnoraals  present  in  Comparison  group. 


HBX  20-5, 


Kmart  Ends  ladwli  Results  for  Offioa 
p-Afcluv  of  D^mknt  \tadatalo4qMbwrUte  Association*’* 

Overall 


D*EXP 

D*EXP 

>ACE  D*EXP* 

Variable 

D*EXP  D*AGE  t>PA0C®  *M3 

*PAQ0£R  *PACX2R  AGE*PACK2R  Abnormal 

Total 

Percent 

As  time 

16 

380 

4.2 

Bronchitis 

0.08 

0.009 

32 

380 

13.7 

Pleurisy 

0.02 

16 

380 

4.2 

Rwanda 

Tuberculosis 

(No  Analysis;  Only  3  Afanorml) 

0.04 

73 

380 

19.7 

Thorax  and  Lungs 

0.03  0.02 

0.06 

17 

380 

4.5 

Asyan tries!  Exp. 
fyparrasonancs 

(No  Analysis;  Only  2  Abnormsl) 

0.07 

9 

380 

2.4 

Dullness 

(No  Analysis;  Only  2  Abnormal) 

5 

380 

1.3 

Rales 

(No  Analysis;  Only  3  Abnormal) 

X  Ray 

0.09  0.01  0.06 

0.08 

34 

380 

8.9 

*Dtpmhnt  vari  able  indicated  by  D  in  collar  hesrllngi 

b Abbreviations: 

EXP:  Bqxaure  index. 

RMXJR:  Rack-years. 

• 

EMU  20-6. 

ftquuut  Index  Anelyels  taults  for  ftdiatmd  Flyers 

p-Valuss  of  Ibpsdmt  Variable-bgr-Ooeeriata  hsxinln^ 

Overall 

D*EXP 

D*EXP 

D*AGE  D*EXP* 

Variable 

D*EXP  D*A(X  D*PAQ3R  *KZ 

*RNCKBt  *RKX2R  AGE*R«CKXR  Abnormal 

Total 

Percent 

Asthaa 

0.07 

6 

175 

3.4 

Bronchitis 

0.005 

21 

174 

12.1 

Pleurisy 

O.OB 

9 

175 

5.1 

PnauBonia 

0.08 

39 

175 

22.3 

Tuberculosis 

(No  Analysis;  Only  2  Abnormal) 

thorax  and  Ungs 

0.04 

19 

175 

10.9 

Aeysaetrlcal  Exp. 

(No  Analysis;  0  Abnormal) 

0.04 

0.08 

9 

175 

5.1 

Dullness 

(No  Analysis;  0  Abnormal) 

7 

175 

4.0 

Bales 

(No  Analysis;  Oily  1  Abnormal) 

X  Bay 

0.04 

19 

175 

10.9 

*Capsnttant  variable  indicated  by  0  in  coluan  headings. 
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TABLE  20-7. 


Btpoon  indat  Analysis  Results  tjc  Mlitri  Groundcrev: 
p  \Uuh  of  Depushnt  tariahla  by  Cbvarlate  Aasociatiixi* 


Overall 


Variable 

pop* 

DM3?  P/  i  DftftOOR  *AGE 

D*SCP  D*AGE  POP* 

*PMXa  *9t£X3P  ta&ftann  Afanoraal 

Total 

tarew 

Asthaa 

0.08 

0.02 

22 

457 

4.8 

Bronchitis 

0.08 

55 

457 

12.0 

Pleurisy 

0.03 

22 

457 

4.8 

Pnrwcnia 

0.01 

81 

457 

17.7 

tuberculosis 

Thorax  aid  Lungs 

(No  Analysis;  Only  2  Abnormal) 
0.06 

25 

456 

5.5 

Asywaitrical  Exp. 
typarrasonance 

(No  Analysis;  0  Afanoraal) 

0.007 

12 

456 

2.6 

tallness 

(No  Analysis;  0  Afanoraal) 

0.009 

0.02 

12 

456 

2.6 

tales 

X  Ray 

(No  Analysis;  Only  2  Afanoraal) 
0.0005 

49 

456 

10.8 

*Oqandant  variable  lndicatad  fay  D  in  oclusn  h— Hngn. 


Two  sets  of  analyses  were  perforarad  on  enlisted  groundcrev  date.  In  the 
first  set  of  analyses,  all  three  year-of-birth  categories  (born  after  1942, 
born  between  1922  and  1942,  born  before  1922)  were  used.  In  the  second  set  of 
analyses,  only  those  born  between  1922  and  1942  and  after  1942  were  used, 
since  only  one  enlisted  groundcrev  Ranch  Band  was  born  before  1922.  All 
testing  results  in  the  two  sets  of  analyses  were  the  seat,  except  for  the 
asthaa-by-age  interaction  shown  in  Table  20-6. 

Each  of  the  dependent  variable-by-exposure  category  interactions  are 
noteo  by  occupation  category  in  Appendix  R,  Tables  R-4  through  R-18.  These 
data  are  considered  too  sparse  for  Meaningful  interpretation. 


SUMMARY  AND  CONCLUSIONS 

A  sumaary  of  the  results  on  the  analyses  of  reported  history  of 
respiratory  illness  and  of  radiological  and  clinical  findings  is  given  in 
Table  20-8. 

Based  on  the  31  Deceaber  1986  Mortality  data,  there  were  seven  deaths 
froa  respiratory  conditions  in  the  Coaparison  group  and  none  in  the  Ranch  Hand 
group. 
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TABLE  20-3. 


Or* rail  Summary  Rasul ts  of  Unadjusted  and 
Adjusted  Analyses  of  Pulmonary  Ulseaae 


Pulmonary  Disease 


Unadjusted  Adjusted 


Reported  History  of 

Respiratory  Illness 

Asthma 

NS 

NS 

Bronchitis 

NS 

NS 

Pleurisy 

NS 

**** 

Pneumonia 

NS 

NS 

Tuberculosis 

NS 

**** 

Radiological  and 

Clinical  Findings 

Thorax  and  Lungs 

NS 

NS 

Asymmetrical  Expiration 

NS 

NS 

Hyperresonance 

NS 

NS 

Dullness 

NS 

NS 

Vheeses 

NS 

NS 

Rales 

NS 

**** 

X  Ra; 

NS 

NS 

NS:  Not  significant  (p>0.10) 

****Gr oup-by-covar i a  t e  in  terse  t  # on . 


There  were  no  group  differences  found  for  reported  history  of  asthma, 
bronchitis,  pleurisy,  or  tuberculosis  based  on  the  unadjusted  analyses. 
Adjustnents  for  age  and  lifetiae  smoking  did  not  alter  the  findings  of  group 
similarity,  although  there  vas  a  significant  group-by-pack-year  interaction 
foe  pleurisy  and  for  tuberculosis. 

Similarly,  there  were  no  significant  group  differences  in  the  unadjusted 
analyses  for  the  radiological  and  clinical  respiratory  findings  of  t  orax  and 
lungs,  asyenetrical  expiration,  hyperresonance,  dullness,  vheases,  rales,  and 
x-ray  interpretations.  These  findings  vere  supported  by  the  adjusted 
analyses,  although  there  vas  a  group-by-age  interaction  for  rales. 

The  exposure  index  analyses  revealed  no  consistent  dose-response  pattern. 

Analyses  of  past  history  of  respiratory  illness  and  the  clinical  &  i 
radiological  examination  of  the  chest  and  lungs  did  not  reveal  any  statisti¬ 
cally  significant  differences  between  the  Ranch  Hand  and  Comparison  groups 
suggestive  of  herbicide  related  disease.  Several  group-by-covariate  interac¬ 
tions  did  exhibit  statistical  significance,  but  these  findings  did  not  indi¬ 
cate  any  consistent  patterns  suggesting  different  disease  experience  in  the 
tvo  groups. 
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CHAPTER  21 


INTERPRETIVE  CONSIDERATIONS 


This  chapter  reviews  several  scientific  issues  that  should  be  considered 
when  attempting  to  reach  conclusions  on  a  study  of  this  site  and  coaplexity. 
These  issues  are  critical  to  the  interpretation  of  the  data  analyses  in  this 
report.  Data  patterns  observed  in  many  clinical  chapters  of  this  report  are 
also  summarised  so  that  hypothesis  testing  of  group  differences  may  be  placed 
in  better  perspective. 


DIOXIN  ENDPOINTS 

Based  upon  data  in  this  report,  final  conclusions  on  herbicide  causality 
must  consider  results  of  the  various  clinical  areas,  reflected  in  the  sepa¬ 
rate  chapters.  Bach  chapter  introduction  has  attempted  to  highlight  the 
major  organ  systems  that  are  known  or  suspected  to  be  significantly  affected 
by  the  ingredients  of  Agent  Orange  with  particular  emphasis  on  the  effects  of 
dioxin.  Categories  of  clinical  endpoints  and  their  generally  accepted  degree 
of  association  with  dioxin  are  presented  in  Table  21-1.  These  associations 
are  based  on  the  scientific  literature. 


TABLE  21-1. 

Summary  Associations  of  Adverse  Health  Effects  to 
TCDD  Exposure  Reported  in  the  Literature 

Degree  of  Association  by  Clinical  Chapter 


Negative  or 

Confirmed 

Highly  Suspected 

Moderately  Suspected 

Veakly  Suspected 

Dermatology 

Malignancy 

General  Health 

Psychology 

Neurology 

Immunology 

Cardiovascular 

Hepatic 

Hematology 

Endocrine 

Renal 

Pulmonary 

It  is  recognized  that  alternative  conclusions  based  on  these  patterns  of 
association  are  possible  vithin  the  framework  of  current  knowledge,  partic¬ 
ularly  for  the  highly  and  moderately  suspected  areas  (malignancy,  general 
health,  immunology).  However,  for  illustrative  purposes,  two  extremes  are 
presented:  multiple  adverse  findings  in  the  Ranch  Hand  group  for  the  areas 
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of  dermatology,  neurology,  hepatic  (discussed  in  Chapter  13),  and  near 
vould  suggest  a  case  for  TCDD  causality,  vhereas  aultiple  adverse  findings  in 
the  veakly  suspected  areas,  and  not  in  any  of  the  confirmed  areas,  vould  be 
difficult  to  ascribe  to  an  overall  TCDD  causation. 

The  aspects  of  biological  plausibility  and  specificity  require  balanced 
interpretation  across  clinical  chapters,  vith  careful  attention  placed  or. 
nonsignificant  findings  as  veil  as  significant  findings.  The  chapters  in 
this  report  should  be  vieved  as  artificial  boundaries  for  convenience  of 
presentation,  and  should  not  discourage  consideration  of  their  relatedness, 
or  of  the  individual  variables  vithin  then. 


EXPOSURE 

Approximately  600  exposure  index  analyses  have  been  conducted  in  this 
study,  underscoring  attempts  to  associate  increasing  proportions  of  various 
abnormalities  to  estimates  of  increasing  exposure. 

To  determine  vhether  the  results  of  the  exposure  analyses  varied  by 
chance,  several  perspectives  vere  taken.  Of  the  235  adjusted  exposure 
analyses  (excluding  39  vith  Interactions),  13  vere  statistically  significant, 
a  figure  vhich  is  the  expected  number  (based  on  at  -0.03).  It  is  recognised 
that  this  contrast  is  a  crude  yardstick,  considering  the  relatedness  of  the 
dependent  variables,  statistical  pover,  disproportionate  representation  of 
chapter  variables,  and  the  presence  of  interactions.  The  six  possible 
patterns  of  exposure  response  (increasing,  decreasing,  V-shaped  vith  fever 
abnormalities  at  the  low  exposure  level  than  the  high  exposure  level, 

V-shaped  vith  more  abnormalities  at  the  lov  exposure  level  than  at  the  high 
exposure  level,  inverted  V-shaped  vith  fever  abnormalities  at  the  lov 
exposure  level  than  the  high  exposure  level,  and  inverted  V-shaped  vith  more 
abnormalities  at  the  lov  exposure  level  than  at  the  high  exposure  level)  vere 
tabulated  (regardless  of  statistical  significance)  for  the  clinical  chapters 
of  dermatology,  neurology,  psychology,  and  renal.  As  noted  in  Table  21-1, 
tvo  of  these  chapters  contain  clinical  variables  that  have  had  confirmed 
associations  to  TCDD  exposure,  and  tvo  chapters  have  had  negative  or  veakly 
suspected  associations  to  TCDD.  Of  the  126  exposure  analyses  in  these  four 
chapters,  21  (or  one-sixth)  shoved  the  primary  pattern  of  interest,  an 
increase — exactly  the  number  expected.  Taken  together,  these  analyses 
suggest  that  statistically  significant  exposure  analyses  may. have  occurred 
due  to  chance  among  the  data  set,  and  that  the  pattern  of  dose-response  nay 
also  have  been  random.  These  inferences,  or  that  the  exposure  index  vas 
unrelated  to  actual  exposure,  together  vith  the  acknovledged  limitations  of 
the  exposure  index,  indicate  that  estimated  exposure  may  only  be  veakly 
relied  upon  to  assert  a  causal  relationship.  Based  upon  the  current  exposure 
index  calculations,  either  of  the  above  inferential  alternatives  is  possible. 

The  use  of  serum  dioxin  levels  (see  Chapter  23,  Future  Directions)  in 
the  next  report  vill  clarify  the  exposure  calculations  of  this  report  and  the 
Baseline  Report.  Thus,  from  an  interpretive  context,  final  conclusions  on 
dose-response,  and  the  implications  to  herbicide  causation  are  based  on 
current  knovledge  available  for  this  report.  These  conclusions  could  change 
vith  future  analyses  using  a  factual  exposure  concept. 
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TTPBS  OF  MEASUREMENTS 


This  report  includes  all  types  of  measures  traditionally  used  in 
morbidity  follovup  epidemiologic  studies,  e.g.,  self-reports,  structured 
interview  responses,  modical  record  data,  physician  findings,  scalar  measure¬ 
ments,  biopsy  results,  laboratory  determinations,  morbidity  indices,  and 
mortality  results.  At  many  points  in  this  report,  various  terms  have  been 
used  to  qualitatively  describe  the  data  and  analyses  arising  from  the 
measurement  processes.  In  particular,  the  terms  "subjective,"  "objective," 
"continuous,"  and  "categorical,”  and  "constructed  indices"  have  been  used  to 
connote  differences  in  data  or  data  sets  that  are  important  in  making 
statements  of  inference. 

From  the  perspective  of  the  Study  Protocol,  significant  group  differ¬ 
ences  for  subjective  historical  variables,  not  mirrored  by  significant  group 
differences  in  medical  record  findings  or  physician/ laboratory  testing,  may 
be  viewed  as  preliminary  evidence  of  over-reporting  by  a  group.  The  opposite 
finding  of  significant  group  differences  for  physical  examination  variables 
in  the  absence  of  reported  symptoms  may  support  the  primary  conclusion  of 
significant  subclinical  group  differences.  Either  of  these  alternatives  may 
greatly  affect  an  overall  inference  of  herbicide  causality.  Hence,  the 
descriptive  phrases  "subjective  data"  and  "objective  data"  have  not  been  used 
as  valu^  judgments  of  the  worth  of  the  data,  but  simply  as  inferential 
qualifiers. 

This  report  contains  numerous  comments  on  the  differences  in  results 
oetween  analyses  of  continuous  versus  categorical  data  from  the  same  variable 
(exclusively  laboratory  data).  Because  the  statistical  power  is  stronger  for 
detecting  mean  shifts  than  categorical  differences,  it  was  anticipated  that 
very  small  mean  shifts  night  be  more  easily  discerned  than  differences  in 
proportions  of  abnormalities  between  the  two  groups.  Both  methods  of 
examining  the  data  reveal  important  aspects  of  the  distribution.  Infer- 
entially,  when  both  types  of  analyses  were  dons,  greater  weight  has  been 
given  to  significant  group  differences  when  analyses  of  both  data  forms 
agree.  Lesser  weight  was  given  to  significant  differences  seen  in  only  one 
analysis,  and  ler.st  weight  to  significant  shifts  in  means  if  both  group  means 
were  within  normal  range,  and  the  mean  difference  was  not  supported  by  other 
statistical  findings  in  related  variables  (e.g.,  hepatic  test  battery). 
Consistent  patterns  of  findings  within  an  organ  system,  or  between  related 
organ  systems,  is  required  to  strongly  suggest  an  inference  of  causality. 

Several  summary  indices  were  constructed  in  this  report,  e.g., 
dermatology  index,  cranial  nerve  function  index,  and  anatomic  categories  of 
abnormal  peripheral  pulse.*,  and  are  similar  to  some  indices  in  the  1984 
Baseline  Report.  They  vert*  formed  by  summing  or  grouping  related  abnormal¬ 
ities  for  the  purposes  of  assessing  increased  numbers  and/or  showing  group 
directionality  of  overall  results.  They  should  not  be  strongly  considered  in 
final  inferences  because  they  are  artificially  derived. 


BASELINE- FOLLOVUP  EXAMINATION  DIFFERENCES 

A  common  difficulty  of  follovup  studies  is  the  inherent  variation  in 
measurement  systems  from  one  observation  period  to  the  ne::t.  To  the  maximum 
extent  possible,  the  USAF  has  restricted  clinical  variation  by  requiring  the 
use  of  identical  laboratory  equipment  for  most  clinical  chemistries,  by  the 
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use  of  50  samples  fron\  the  Baseline  serum  bank  to  evaluate  interexamination 
laboratory  differences,  and  by  the  use  of  carefully  prescribed  vritten 
clinical  procedures  that  allow  little  room  for  variation.  Nonetheless,  some 
Interexamination  variability  must  be  expected?  'out  in  the  presence  of 
blindness  to  group  membership,  there  is  no  reason  to  expect  biases  in  the 
results  with  respec.  to  either  the  Ranch  Hand  or  Comparison  groups. 

This  report  has  cited  classical  longitudinal  analyses  to  assess  changes 
in  variables  between  the  examinations  by  group.  Of  21  variables  examined, 

5  showed  statistically  significant  group  differences  in  the  changes  between 
examinations.  Four  of  these  significant  results  were  attributed  to  actual 
changes  over  time,  while  the  other  (e.g.,  sedimentation  rate)  was  believed 
due  to  a  change  in  laboratory  methodology. 

Other  less  refined  longitudinal  contrasts  consisting  of  narrative 
discussions  of  Baseline  results  versus  followup  results  have  been  presented 
in  all  chapters.  Interpretive  caution  is  required  in  assessing  examination 
similarities  or  differences  because  of  the  slight  changes  in  cohort  composi¬ 
tion  between  the  examinations  (see  Chapter  2,  Population),  the  use  of 
slightly  different  statistical  models  and  modeling  strategy  (see  Chapter  7, 
Statistical  Methods),  sr.d  sometimes  the  use  of  the  Original  Comparison  group. 
The  relative  contribution  of  these  changes  was  not  explored  mathematically, 
but  is  believed  to  have  played  a  minimal  role  in  accounting  for  any  large 
group  shifts  between  examinations. 

In  the  context  of  comparing  results  between  examinations,  there  has  been 
a  subtle  but  consistent  observation  that  group  differences  have  substantially 
narrowed  over  the  3-year  period,  either  by  decreased  findings  in  the  Ranch 
Hands,  increased  findings  in  the  Comparisons,  or  a  combination  of  both 
mechanisms.  In  general,  several  broad  interpretations  are  possible:  any 
bona  fide  herbicide  effect  decreases  over  time,  that  the  convergence  is 
largely  attributable  to  unquant if iable  factors,  that  both  examinations  have 
produced  chance  results,  or  that  these  observations  have  been  affected  by  the 
slight  shifts  in  cohort  composition  and  modeling  strategy. 

Several  segments  of  this  report  have  noted  marked  differences  in  the 
prevalence  rates  of  abnormalities  found  at  the  Baseline  and  followup 
specialty  examinations,  e.g.,  the  dermatology  and  neurology  clinical 
assessments.  The  followup  dermatological  examination  detected  substantially 
more  abnormalities  than  the  Baseline  examination,  whereas  far  greater  numbers 
of  neurological  abnormalities  were  noted  at  the  Baseline  examination  than  at 
the  followup  for  some  variables.  These  examination  variances  were  affected 
by  differences  in  "clinical  sensitivity"  between  the  examining  teams, 
although  clearly  other  factors  (such  as  a  true  change  in  disease-abnormality 
status  or  slight  cohort  differences)  contributed.  The  phrase  "clinical 
sensitivity"  refers  to  the  inherent  differences  in  clinical  styles  and 
interpretations  of  possible  abnormalities  that  often  prevail.  Because  J 
examiner  blindness  to  exposure  status,  and  because  of  the  judgment  that  the 
incerexamination  variation  was  within  the  artful  bounds  of  accepted  medical 
prac‘ice,  no  bias  was  thought  to  have  resulted  from  this  inherent  variation. 


STUD.  BIASES 

Each  reviewer  of  this  report  must  reach  a  conclusion  on  whether  the 
results  of  this  study  have  been  seriously  flawed  by  the  design,  the  operation 
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of  significant  biases,  or  both.  The  Protocol  authors  believe  that  the  com¬ 
prehensive  multifaceted  design  is  the  chief  strength  of  this  study,  although 
it  is  recognized  that  each  and  every  published  phase  of  the  study  must  invite 
reneved  inspection  of  fundamental  scientific  aspects  of  the  study  design. 

It  is  believed  that,  vith  the  exception  of  skin  test  readings,  all  data 
in  this  study  were  collected  accurately  and  validly,  and  that  blindness  to 
group  membership  vas  veil  maintained  throughout  the  collection  process.  This 
opinion  is  important  from  an  inferential  perspective  in  that  both  misclassi- 
fication  of  data  (tending  to  dilute  true  group  differences)  and  bias  in  data 
(creating  a  false  group  effect)  most  likely  did  not  occur  appreciably  in  this 
study.  Thus,  it  is  believed  that  both  the  magnitude  and  direction  of  the 
group  results  found  in  this  study  reflect  truth  to  the  maximum  degree 
possible,  vithin  the  inherent  boundaries  of  statistical  models  to  account  for 
all  important  adjusting  variables. 


GROUP  INTERACTIONS:  PATTERN  RECOGNITION 

Many  of  the  adjusted  analyses  in  this  report  have  demonstrated  signif¬ 
icant  group-by-covariate  interactions,  requiring  stratified  analyses  to 
determine  the  nature  of  significant  group  differences.  All  significant  tvo- 
and  three-factor  interactions  have  been  included  in  the  main  text  or  in 
appendices.  The  analysis  of  follovup  data  has  found  substantially  more 
interactions  than  the  analysis  of  Baseline  data,  due  primarily  to  the  larger 
number  of  covariates  used  in  the  follovup  analyses. 

Several  related  vievpoints  have  aided  in  the  overall  interpretation  of 
group-by-covariate  interaction  in  the  report.  In  the  presence  of  a  signif¬ 
icant  interaction,  a  direct  conclusion  on  main  group  effects  cannot  be  made, 
and  the  focal  point  of  interpretation  resides  vith  the  covariate  stratum 
containing  the  significant  group  effect  (or  a  reversal  in  nonsignificant 
group  effects  across  strata).  Past  this  point,  hovever,  there  appears  to  be 
little  consensus  in  hov  to  best  place  the  interaction  into  inferential 
context.  Further  interpretations  appear  to  be  largely  individualistic. 

No  consistent  pattern  has  emerged  to  support  a  finding  of  impairment  in 
the  Ranch  Hands  for  any  specific  stratum  of  one  or  more  covariates.  In  fact, 
of  all  the  tvo-  and  three-factor  interactions  encountered,  only  one  vas 
thought  to  have  possible  biologic  relevance.  Other  interactions  may  have 
such  relevance,  but  the  reason  vas  not  apparent.  As  vith  tests  of  group 
differences,  significant  interactions  may  occur  by  chance,  but  the  method  to 
calculate  an  expected  number  of  group-by-covariate  interactions,  unfortu¬ 
nately,  remains  an  open  research  question. 

Because  of  the  possible  diverse  interpretations  of  interactions,  all 
significant  tvo-  and  three-factor  Interactions  involving  group  vith 
statistically  significant  strata  are  presented  in  Table  21-2  for  detailed 
inspection.  No  particular  covariate  or  group  pattern  is  noted,  although  the 
variables  in  psychology  and  gastrointestinal  shoved  Ranch  Hands  at  a  relative 
detriment,  vhile  the  interactions  in  the  cardiovascular  chapter  indicated 
detrimental  findings  in  the  Comparisons. 

Most  variables  vithout  interactions  in  this  report  have  shovn  remarkable 
concordance  betveen  unadjusted  and  adjusted  results,  both  in  terms  of 
absolute  value  of  relative  risk  and  of  statistical  significance. 
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Sunary  of  Significant  Covariate  Strata  (or  Covariate  Level  Difference) 
Found  Vi thin  Significant  Tvo-  and  Three-Factor  Grcup-by-Covariate  Interactions 
by  Clinical  Chapter  and  Dependent  Variable 
(Grou^  Direction  and  p-Value) 
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TABLE  21-2.  (continued) 
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CLASSICAL  COVARIATES 


Hany  of  the  dependent  variables  in  this  report  are  known  to  be  signif¬ 
icantly  affected  by  risk  factors  also  measured  in  this  study.  The  use  of 
these  covariates  in  the  adjusted  analyses  has  served  to  clarify  Ranch  Hand- 
Comparison  group  differences  in  the  presence  of  significant  covariate  group 
differences.  Such  adjustments,  vhether  by  a  single  covariate,  multiple 
covariates,  or  covariate  interactions,  have  given  results  on  group  differ¬ 
ences  generally  quite  similar  to  the  unadjusted  analyses  both  in  terms  of 
relative  risk  and  statistical  signficance.  In  fact,  in  only  one  instance  in 
this  report  has  an  unadjusted  result  of  p>0.10  changed  to  a  value  of  p^O.OS 
in  the  adjusted  analysis.  The  covariates  used  in  this  study  were  not  effect 
modifiers  (vhich  may  be  synergistic  with  exposure  and  also  be  equally 
distributed  between  groups).  Consistent  effects  were  observed  tor  almost  all 
of  the  classical  covariates  of  age,  race,  occupation,  education,  alcohol, 
smoking,  percent  body  fat,  and  glucose  tolerance.  In  only  a  few  instances 
vere  unexpected  effects  noted,  e.g.,  personality  type,  wine  consumption,  and 
a  few  smoking  and  alcohol  "inversions." 

The  overall  covariate  effects  observed  in  this  study  indeed  reflect  the 
mainstream  of  results  found  in  veil-conducted  epidemiologic  studies,  and  lend 
credence  to  the  validity  of  the  clinical  endpoints  and  covariate  values  in 
this  report. 


MULTIPLE  COMPARISONS 

As  noted  in  Chapter  7,  Statistical  Methods,  the  problem  of  multiple 
comparisons  is  complex  and  not  easily  adjudicated  because  of  the  total  number 
of  statistical  tests,  the  number  of  tests  performed  on  each  dependent 
variable,  and  the  biologic  ralatednoss  of  many  of  the  variables.  A  conscious 
effort  has  been  made  to  expand  inferential  interest  to  borderline  group 
associations  (0.05<p<0.10)  thereby  Increasing  the  probability  of  the 
acceptance  of  a  false  association.  Each  chapter  summary  has  carefully 
flagged  all  borderline  associations  to  provide  expanded  summary  statements 
for  possible  inclusion  in  deriving  final  conclusions.  Additional  confidence 
in  the  final  acceptance  or  rejection  of  an  overall  herbicide  effect  would  be 
warranted  if  the  majority  of  borderline  associations  were  in  the  same 
consistent  direction  as  the  significant  associations. 

* 

Multiple  analyses  on  the  sane  variable  have  been  conducted  in  this 
report.  Continuous  and  categorical  data  have  been  subjected  to  both 
unadjusted  and  adjusted  analyses,  and  multiple  adjusted  analyses  vere 
sometimes  conducted  with  different  covariates  or  slightly  different  covariate 
sets.  The  question  arises  as  to  vhich  results  best  reflect  the  truth  vhen 
different  results  are  found.  In  general,  the  following  approach  has  been 
followed:  the  statistical  significance  of  both  continuous  and  categorical 
analyses  is  convincing,  while  significance  for  only  the  continuous  analysis 
must  be  viewed  in  terms  of  the  biologic  relevance  of  the  mean  shift  detected. 

Overall,  the  multiple  comparison .issue  is  due  to  repeated  hypothesis 
testing  for  group,  exposure,  and  interaction  strata  differences.  The 
calculation  of  expected  numbers  of  significant  associations  for  these  tests 
is  difficult  (if  not  impossible)  because  of  the  relatedness  of  the  dependent 
variables,  the  relatedness  of  the  covariates,  and  the  often  difficult 
analytic  decisions  that  arise  in  a  "step-dovn,  best  model"  strategy.  Thus, 
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the  final  assessment  of  whether  the  frequency  of  significant  associations 
does  not  meet,  or  exceeds  expectation,  Must  regain  an  interpretive  judgment 
of  each  reader. 


CAUSALITY 

The  AFHS  is  an  inferential  assessment  of  observed  group  differences. 

The  inference  of  herbicide  causality  will  be  determined  by  a  balanced 
judgment  of  the  following  factors:  biological  plausibility,  consistency, 
specificity,  coherence,  time  relationships,  and  strength  of  association. 
Except  for  aspects  of  association  strength,  most  of  these  causality  factors 
have  been  discussed  in  the  preceding  sections  of  this  chapter.  Nearly  every 
statistically  significant  group  difference  in  this  report  has  only  been  of 
moderate  to  weak  strength.  Highly  significant  p-values  (p<0.001)  vere  not 
found  for  main  group  associations,  but  vere  observed  for  covariate  tests.  A 
fev  strata  in  the  group  interactions  vere  highly  significant.  Most  of  the 
statistically  significant  estimated  relative  risks  vere  belov  the  value  of 
2.0  (a  traditional  boundary  of  interest  in  epidemiology).  The  fev  relative 
risks  above  2.0  generally  had  very  vide  confidence  Intervals  due  to  lov 
proportions  of  detected  abnormalities.  Veakly  significant  associations,  in 
particular,  are  cause  to  reassess  the  element  of  chance  and  the  possible 
presence  of  other  causality  factors  before  a  final  conclusion  of  cause  and 
effect  is  determined. 


CHAPTER  22 


CONCLUSIONS 


INTRODUCTION 

This  chapter  summarizes  the  conclusions  dravn  from  the  statistical 
analyses  that  have  been  conducted  on  the  Air  Force  Health  Study  data  base. 

The  follovup  study,  vhich  began  in  19SS,  vas  the  logical  extension  of  the 
1982  Baseline  study,  building  upon  the  strengths  of  the  Baseline  study  and 
utilizing  the  data  collected  at  both  the  Baseline  and  the  follovup.  The  high 
level  of  Government  support  and  outstanding  participation  of  the  study 
subjects  that  characterized  the  Baseline  study  vere  aaintained  through  this 
first  follovup. 


STUDY  PERFORMANCE  ASPECTS 

Of  the  living  Baseline  study  participants,  99.2  percent  vere  located  and 
asked  to  participate  in  the  follovup.  Participation  in  the  follovup  physical 
exaaination  and  questionnaire  vas  very  high.  Of  the  fully  compliant  Base¬ 
line  participants,  971  of  the  1,045  Ranch  Hands  (92. 9X)  and  1,139  of  the 
1,224  Comparisons  (93. IX)  participated  in  the  follovup.  Thus, -there  vas  no 
group  difference  in  compliance  of  the  Baseline  participants  at  the  follovup. 
Overall,  the  2,309  participants  in  the  follovup  (1,016  Ranch  Hands  and 
1,293  Comparisons)  represented  a  loss  of  159  individuals  and  a  gain  of 
199  since  Baseline.  One  percent  of  t.ie  fully  compliant  Baseline  population 
died  betveen  1982  and  the  1985  follovup  examination. 

The  bias/coapliance  analyses  suggested  that  there  had  been  r.o  change 
betveen  Baseline  and  the  follovup  in  the  vay  replacements  volunteered  for 
entry  into  the  study,  and  that  no  additional  bias  had  been  introduced  at  the 
fo)1  Aip  due  to  scheduling  differences.  Although  replacements  vere  not 
h'j:  .ii— matched  at  Baseline  as  they  vere  at  the  follovup,  they  vere  similar  to 
refusals  vlth  respect  to  reported  health,  medication  use,  and  income  level. 
The  results  supported  the  use  of  the  total  Comparison  group  in  the  main 
analyses  presented  in  this  report. 


POPULATION  CHARACTERISTICS 

Overall,  the  Ranch  Hands  and  Comparisons  reported  similar  social  and 
behavioral  characteristics.  No  significant  differences  vere  found  in  age, 
edir  'iono  ckg round,  religious  preference,  current  military  status,  and 

.•ate  I*  Significantly  more  Ranch  Hands  smoked  cigarettes  at  the  time 

of  the  follovup  examination  than  did  Comparisons,  but  there  vas  no  signifi¬ 
cant  difference  betveen  groups  on  past  cigarette,  cigar,  and  pipe  use  and  on 
recent  and  past  use  of  marijuana.  A  much  higher  percentage  of  participants 
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reported  pest  merijuana  use  at  the  follovup  then  et  Baseline.  This 
difference  ves  aost  likely  due  to  a  greater  level  of  confidentiality  afforded 
by  the  questionnaire  technique.  Risk  taking  behavior,  assessed  by  questions 
on  potentially  dangerous  recreational  activities,  revealed  borderline 
significance.  Slightly  aore  Comparisons  vere  scuba  divers  and  aoro  Ranch 
Hands  raced  aotor  vehicles.  The  difference  in  scuba  diving  vas  also 
significant  at  Baseline. 


Patterns  of  Results 


Both  the  chapter  conclusions  and  the  final  conclusions  of  this  report 
have  been  predicated  upon  concepts  of  consistency,  specificity,  coherence, 
strength,  and  plausibility  as  they  apply  to  the  interpretation  of  group 
differences.  In  particular,  careful  consideration  has  been  given  to  a 
variety  of  data  and  patterns  of  results  that  have  eeerged  froe  the  clinical 
evaluations.  Specifically,  there  vere  fev  differences  in  the  proportions  of 
abnormalities  betveen  groups;  the  positive  associations  have  not  aggregated 
in  the  clinical  areas  of  prime  dioxin  concern,  nor  have  they  been  of  serious 
clinical  importance;  the  unadjusted  results  have  been  remarkably  concordant 
vith  the  adjusted  results,  both  in  terms  of  relative  risk  and  p  value;  the 
analyses  using  the  Original  Comparison  set  have  largely  mirrored  the  results 
found  vith  the  total  Comparison  group;  many  of  the  group  differences  noted  at 
Baseline  have  disappeared  at  the  follovup  examination,  and  only  a  fev  nev 
associations  have  emerged;  almost  all  of  the  covariates  have  acted  as 
expected  in  the  adjusted  analyses;  and  the  exposure  index  analyses  and  the 
group-by-covariate  interactions  have  not  demonstrated  biological  patterns  of 
concern  and  appeared  to  be  more  likely  due  to  chance  than  not.  Due  to  the 
acknovledged  limitations  of  the  exposure  index  used  in  this  report  (and 
considering  the  potential  use  of  dioxin  body  burden  levels  at  the  next 
follovup),  dose-response  relationships  have  not  been  emphasised  in  reaching 
final  conclusions. 

The  overall  pattern  of  these  findings  indicates  that  this  follovup  study 
cannot  be  vieved  as  alarming  from  the  traditional  perspectives  of  clinical 
medicine  or  epidemiology.  This  study,  in  fact,  demonstrates  similarity  in 
current  health  status  betveen  the  Ranch  Hand  and  Comparison  groups. 


CLINICAL  ASPECTS 


General  Health 

The  nonspecific  assessment  of  general  health  shoved  relatively  close 
similarity  betveen  tLe  tvo  groups.  Ranch  Hands  rated  their. health  as  fair  or 
poor  aore  frequently,  hut  this  difference  vas  found  only  in  the  enlisted 
groundcrev  and  not  in  the  officers  nor  enlisted  flyers.  The  perception  of 
health  in  both  groups  had  improved  since  Baseline.  Physician- rated  appear¬ 
ance  of  relative  age  vas  not  found  to  bo  significantly  different  at  the 
follovup  in  contrast  to  the  Paselinc  finding  that  a  higher  percent  of  Ranch 
Hands  than  Comparisons  looked  younger  than  their  stated  age.  The  categorical 
analysis  of  sedimentation  rate  shoved  that  the  Ranch  Hands  had  aore  abnor¬ 
malities  than  the  Comparisons.  These  results  vere  not  supported  by  the 
continuous  analysis  of  mean  sedimentation  rates  and  vere  opposite  to  the 
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Baseline  results,  which  shoved  that  younger  Coeparisons  had  elevated  sedimen- 
tation  rates.  The  categorical  analysis  of  percent  body  fat  shoved  no  signif¬ 
icant  differences  between  the  tvo  groups,  which  was  consistent  vith  Baseline. 
However,  the  continuous  analysis  found  that  the  Ranch  Hands  had  a  signifi¬ 
cantly  lover  mean  percent  body  fat  using  age,  race,  and  occupation  as 
covariates.  The  detailed  exposure  analyses  revealed  no  consistent  exposure 
effects,  and  this  result  vas  consistent  vith  the  Baseline  analysis.  No 
longitudinal  difference  vas  found  on  perception  of  health.  A  significant 
group  difference  vas  found  over  tine  for  the  longitudinal  analysis  of 
sediaentation  rate  due  tc  the  change  in  the  findings  betveen  the  tvo 
exaainations,  possibly  related  to  a  change  in  laboratory  aethodology. 


Malignancy 

Skin  and  systeaic  cancers,  both  suspected  and  verified  by  Medical 
records,  shoved  no  significant  group  differences  for  the  Baseline-followup 
interval  (1982-1985).  Hovever,  for  all  neoplasms  combined  (malignant, 
benign,  and  uncertain),  a  borderline  significant  excess  in  the  Ranch  Hand 
group  vas  noted  in  an  unadjusted  analysis.  The  analyses  of  Interval  cancers 
revealed  group  Interactions  for  verified  and  verified  plus  suspected  basal 
cell  carcinoma  and  verified  plus  suspected  systeaic  cancers.  Nonsignificant 
findings  vere  observed  for  verified  and  verified  plus  suspected  sun  exposure- 
related  cancers.  Verified  systeaic  cancers  did  not  differ  significantly 
betveen  groups. 

The  analyses  of  lifetime  cancer  found  significant  results  for  verified 
basal  cell  carcinoma  and  verified  sun  exposure-related  skin  cancers.  Group 
interactions  vere  noted  for  systemic  cancer  categories  and  for  verified  plus 
suspected  basal  cell  carcinoma.  The  higher  rate  of  basal  cell  carcinoma  in 
the  Ranch  Hands  versus  the  Comparisons  found  at  Baseli^a  was  nonsignificant 
for  the  follovup  interval,  but  due  to  the  effect  of  the  larger  number  of 
Baseline  cases  and  the  significant  confounding  of  average  residential  lati¬ 
tude,  the  adjusted  analysis  of  lifetime  basal  cell  carcinoma  emerged  as 
statistically  significant. 

There  vere  several  disparities  in  the  distribution  of  testicular,  colon, 
and  smoking-related  tumors  in  the  groups.  Further,  one  case  of  soft  tissue 
sarcoma  and  one  possible  lymphoma  (both  in  Ranch  Hands)  vere  diagnosed  in  the 
interval,  balancing  the  tvo  similar  cases  found  in  the  Comparison  group  at 
Baseline.  Considering  that  the  systemic  cancer  curves  are  in  their  early 
stages  for  both  groups,  vith  perhaps  insufficient  latency,  the  cancer  results 
of  the  follovup  examination  should  not  be  vieved  as  disturbing,  but  as  cause 
for  continued  monitoring. 


Neurological  Assessment 

None  of  the  27  neurological  variables  demonstrated  a  significant  group 
difference,  although  several  variables  had  relative  risks  vhich  vere  greater 
than  one.  There  vas  no  group  difference  in  reported  neurological  illnesses 
for  the  interval  or  for  a  lifetime  history.  Of  the  crarial  nerve  variables, 
speech  and  tongue  position  vere  marginally  significant,  vith  the  Ranch  Hands 
at  a  slight  detriment.  The  analyses  of  peripheral  nerve  function  shoved  no 
significant  differences  betveen  the  Ranch  Hands  and  the  Coaparisons.  In  the 
analysis  of  central  nervous  system  function,  hand  tremor  vas  found  to  be  of 
borderline  significance,  vith  the  Ranch  Hands  faring  slightly  vorse  than  the 
Comparisons.  A  borderline  significant  group  interaction  (Ranch  Hand  hand 
tremor  by  insecticide  exposure)  may  have  had  biological  and  operational 
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significance.  Overall,  substantially  fever  neurological  abnoraalities  vere 
detected  at  the  follovup  examination  than  et  the  Baseline  examination.  The 
exposure  analyses  shoved  only  occasional  statistically  significant  results, 
although  no  consistent  pattern  vith  increasing  exposure  vas  evident.  In  the 
longitudinal  .alysis  of  the  Babinskl  reflex,  a  significant  change  over  time 
vas  observed.  This  vas  due  to  a  nonsignificant  finding  in  the  Ranch  Hands  at 
the  follovup,  vhich  differed  from  the  significant  adverse  finding  at  Base¬ 
line.  The  covarlates  of  age,  alcohol  history,  and  diabetes  shoved  classical 
effects  vith  many  of  tue  neurological  measurements.  Overall,  the  follovup 
examination  results  vere  quite  similar  to  the  Baseline  findings. 


Psychological  Assessment 

The  reported  and  verified  data  on  llfetine  psychological  illnesses 
shoved  no  significant  differences  betveen  groups.  Distributional  tests  of 
the  14  Minnesota  Multiphasic  Personality  Inventory  (MMPI)  scales,  stratified 
by  occupation,  revealed  that  only  2  of  the  42  results  approached  signifi¬ 
cance.  For  the  total  Cornell  Medical  Index  (CMI),  separate  distributional 
teats  vere  conducted  vith  stratification  by  age,  race,  occupation,  education, 
and  current  drinking  status;  a  significant  difference  vas  found  for  one 
status  of  each  of  the  covariatas.  In  all  casts,  tha  aean  of  the  Ranch  Hand 
distribution  ves  greeter  then  the  aean  of  tha  Coaparlsons.  The  analysis  of 
the  14  MMPI  scales  shoved  that  there  vas  a  significant  differance  betveen  the 
tvo  groups  for  denial  and  masculinity/ femininity,  vith  norm  abnormalities  in 
the  Compel irons  than  the  Ranch  Hands.  Tha  results  of  the  analyses  for 
hysteria  vere  of  borderline  significance,  vith  more  abnormalities  in  the 
Ranch  Hands.  There  vere  nore  abnoraalities  in  the  Ranch  Hands  than  tha 
Comparisons  for  social  introversion,  vhich  vas  of  borderline  significance. 
Differences  in  the  total  CMI  end  A--H  area  subscore  vere  found  to  be  signifi¬ 
cant,  vith  more  abnormalities  in  the  Ranch  Benda.  There  vas  no  significant 
difference  betveen  the  tvo  groups  on  the  Hals teed-Rei tan  Battery  impairment 
index,  e  eeesure  of  tha  functional  integrity  of  the  CHS.  Tha  exposure  index 
analyses  did  not  reveal  any  pattern  consistent  vith  e  dose-response  relation¬ 
ship.  As  expected,  the  effects  of  age,  educational  level,  end  alcoholic 
history  shoved  profound  effects  on  many  of  the  psycho logical  eeasurtaents. 


Gastrointestinal  Assessment 

« 

Although  the  follovup  gastrointestinal  asscsseent  disclosed  more  statis¬ 
tically  significant  findings  than  the  Baseline  examination,  the  abnoraalities 
vare  distributed  squally  betveen  the  tvo  groups,  and  thare  vas  no  clinical, 
statistical,  or  exposure  pattern  consistent  vith  an  hcrbicida-related  effect 
on  health.  No  historical  or  biochemical  evidence  ves  found  to  suggest  an 
increased  likelihood  of  porphyria  cutanea  tarda  (PCT)  in  the  Ranch  Hand 
group.  Only  sparse  end  nonsignificant  liver  disorders  vere  reported  for  the 
interval  betveen  Baseline  and  follovup.  Also,  for  tha  lifetime  history  of 
liver  disorders,  there  vere  no  significant  diffarences  betveen  groups. 
Further,  there  vere  no  significant  group  differences  in  reported  lifetime 
peptic  ulcer  disease.  A  reviev  of  digestive  systee  mortality  shoved  a 
relative  excess  in  the  Ranch  Bands  but  a  relative  leek  of  malignant 
neoplasms.  The  results  o£  the  physical  examination  shoved  a  borderline 
increase  of  hepatomegaly  in  the  Ranch  Hand  group.  There  vas  a  significantly 
lover  mean  serum  glutamic-py-uvic  transminase  (SGPT)  level,  a  greater  aean 
alkaline  phosphatase  level,  and  a  lover  eeen  uroporphyrin  level  in  the  Ranch 
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Hand  group.  Tha  analysis  of  coproporphyrin  vas  of  bordarlina  significance, 
vith  the  aean  of  the  Ranch  Hands  in  excess  of  the  aean  of  the  Coaparisons. 
No  group  differences  were  found  for  serua  glutamic-oxaloacetic  transainase 
(SCOT) ,  gaaaa-glutaayl  transpeptidase  (GGTP),  total  and  direct  bilirubin, 
lactic  dehydrogenase  (LDH),  cholesterol,  or  triglycerides.  The  numerous 
group-by-covariate  interactions  did  not  disclose  any  consistent  subgroup 
patterns  detriaental  to  the  Ranch  Hands.  These  findings  vere  generally 
consistent  vith  the  results  of  the  1982  assessaent.  The  longitudinal 
analyses  for  SGOT,  SGPT  and  GGTP  shoved  no  significant  differences  betveen 
results  by  group  over  tine. 


Deraatological  Evaluation 


No  significant  group  differences  verr  identified  in  the  deraatological 
evaluation.  None  of  the  questionnaire  data  shoved  an  increased  likelihood  of 
past  chloracne,  as  determined  by  anatomic  patterns  of  acne,  and  no  cases  vere 
diagnosed  in  the  physical  examination.  Analyses  vere  conducted  on  six  derma¬ 
tologic  disorders  (comedones,  acneifora  lesions,  acneiform  scars,  inclusion 
cysts,  depigaentation,  and  hyperpigaentation)  and  on  a  composite  variable  of 
16  other  ainor  conditions  (the  latter  not  generally  associated  vith 
chloracne).  Exposure  index  analyses  did  not  reveal  consistent  patterns 
suggestive  of  a  dose-response  relationship.  The  longitudinal  analysis,  based 
on  a  composite  dermatology  index,  shoved  no  significant  differences  betveen 
the  results  over  time.  Substantially  more  dermatologic  abnormalities  vere 
detected  at  the  follovup  examination  than  at  the  Baseline  examination.  In 
general,  hovever,  the  follovup  results  vere  consistent  vith  the  findings  at 
Baseline. 


Cardiovascular  Evaluation 


Overall  there  vas  general  similarity  in  the  cardiovascular  health  of  the 
Ranch  Hands  and  the  Comparisons.  Of  the  27  cardiovascular  variables,  there 
vas  a  significant  difference  foe  only  one,  verified  heart  disease,  vith  an 
excess  in  the  Ranch  Hand  group.  This  finding  vas  largely  unsupported  by 
other  cardiac  measurements.  The  cardiovascular  assessment  vas  based  on 
reported  and  verified  heart  disease;  the  measurement  of  central  cardiac 
function  by  systolic  blood  pressure,  abnormal  heart  sounds,  and  ECG  findings; 
and  the  evaluation  of  peripheral  vascular  function  by  diastolic  Blood 
pressure,  funduscopic  examination,  presence  of  carotid  bruits,  and  detailed 
manual  and  Doppler  measurements  of  five  peripheral  pulses.  Doppler 
recordings  of  five  peripheral  pulses  vere  similar  in  both  groups,  a  finding 
vhich  vas  in  narked  contrast  to  the  Baseline  examination  that  found  signifi¬ 
cant  pulse  deficits  in  the  Ranch  Hand  group.  This  change  vas  most  likely  due 
to  a  required  4-hour  abstinence  from  tobacco  prior  to  the  pul3e  measurements. 
Overall,  the  exposure  analyses  vere  unsupport ive  of  any  meaningful  dose- 
response  relationship.  The  longitudinal  analyses  confirmed  the  change  in 
pulse  abnormalities  in  the  Ranch  Band  group  over  time,  but  shoved  no  signif¬ 
icant  group  change  in  overall  ECG  findings  betveen  the  examinations. 


Hematological  Evaluation 

The  hematological  evaluation  found  that  neither  group  manifested  an 
impairment  of  the  hematopoietic  system,  consistent  vith  similar  findings  at 
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the  Baseline.  The  evaluation  vas  based  on  eight  peripheral  blood  variables: 
red  blood  cells  (RBC),  vhite  blood  cells  (UBC),  heeoglobin  (HGB) ,  heeatocrit 
concentration  (HCT),  corpuscular  voluee  (MCV),  corpuscular  heeoglobin  (MCH), 
corpuscular  heeoglobin  concentration  (MCHC),  and  platelet  count  (PLT).  Both 
the  discrete  and  categorical  analyses  revealed  no  significant  group  differ¬ 
ences.  The  covariate  effects  of  age,  race,  occupation,  and  smoking  history 
vere  highly  significant  for  nany  of  the  variables.  Tvo  group-by-covariate 
interactions  in  the  analyses  of  seen  differences  did  not  appear  to  have  a 
Meaningful  interpretation.  The  exposure  index  analyses  did  not  support  any 
plausible  dose-response  relationship.  The  longitudinal  analyses  of  MCV,  MCE), 
and  PLT  found  significant  differences  only  for  PLT  between  the  Baseline  and 
the  follovup,  vith  the  Ranch  Bands  exhibiting  a  slight  decline  in  mean  level 
from  Baseline  and  the  Comparisons  shoving  an  opposite  change. 


Renal  Assessment 


None  of  the  six  renal  variables  of  reported  kidney  disease,  urine 
protein,  occult  blood,  urine  vhite  blood  cell  count,  blood  urea  nitrogen,  and 
urine  specific  gravity  shoved  a  significant  difference  betveen  the  tvo  groups 
based  on  the  unadjusted  analyses.  In  the  adjusted  analyses  of  the  laboratory 
variables,  however,  there  vere  significant  group-by-covariate  interactions 
that  did  not  yield  a  consistent  pattern  to  suggest  a  renal  detriment  to 
either  group.  The  finding  of  group  equivalence  for  past  kidney  disease  vas 
in  contrast  to  the  Baseline  examination,  vhich  found  significantly  more 
reported  disease  in  the  Ranch  Hand  group.  The  difference  in  findings  is  more 
likely  due  to  a  change  in  questionnaire  vording  than  to  a  true  change  in 
renal  health.  Like  the  Baseline  findings,  the  exposure  index  analyses  shoved 
very  little  evidence  of  a  dose-response  relationship.  In  the  longitudinal 
analyses  of  blood  urea  nitrogen,  there  vas  no  significant  group  difference  . 
in  the  change  betveen  the  examinations. 


Endocrine  Assessment 

In  general,  the  endocrine  health  status  of  the  Ranch  Hands  and  the 
Comparisons  vas  reasonably  comparable.  The  examination  found  no  significant 
differences  betveen  the  tvo  groups  for  past  thyroid  disease,  or  thyroid  and 
testicular  abnormalities  determined  by  palpation.  In  the  analyses  of  the 
seven  laboratory  values  (T3  X  Uptake;  thyroid  stimulating  hormone  [TSH]; 
testosterone;  initial,  second,  and  differential  cortisol;  and  postprandial 
glucose),  significant  differences  vere  found  for  TSH  and  testosterone,  vith 
higher  mean  levels  in  the  Ranch  Hands.  These  analyses  vere  not  supported  by 
the  categorical  analyses.  The  thyroid  test  results  vere  conflicting  vith 
respect  to  an  assertion  of  hypothyroidism  in  the  Ranch  Hands  (a  possible 
dioxin  effect).  Mean  levels  of  testosterone  vere  significantly  elevated  in 
the  Ranch  Hand  group  as  contrasted  vith  the  Comparisons  in  the  10-25  percent 
body  fat  category.  The  effects  of  personality  score  and  percent  body  fat  on 
the  differential  cortisol  levels  were  not  fully  expected.  Although  tests  of 
2-hour  postprandial  mean  values  shoved  no  significant  group  differences, 
comparable  categorical  tests  revealed  that  significantly  fever  Ranch  Hands 
had  impaired  glucose  levels,  but  conversely,  had  more  (nonsignificant) 
diabetic  levels  of  glucose.  Analyses  of  the  composite  diabetes  indicator 
(history  plus  2-hour  postprandial  results)  did  not  disclose  significant  group 
differences.  The  exposure  index  analyses  suggested  that  the  enlisted  flyers 
in  the  medium  exposure  level  vere  significantly  different  from  those  in  the 
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lov  exposure  level  for  differential  cortisol,  postprandial  glucose,  and 
testosterone.  The  corresponding  high  to  lov  contrasts  were  not  significant. 
The  longitudinal  analyses  vere  based  on  T,  X  Uptake,  TSB,  and  testosterone, 
and  revealed  only  symmatrical  and  nonsignificant  changes  in  the  Ranch  Hand 
and  Comparison  groups  over  the  time  interval. 


1— sinological  Evaluation 

Overall,  there  vere  no  significant  group  differences  or  any  indication 
of  impaired  immunological  competence  in  either  group  based  on  comprehensive 
cell  surface  marker  and  functional  stimulation  studies.  Six  cell  surface 
markers  (total  T  cells,  helper  T  cells,  suppressor  T  cells,  B  cells,  mono¬ 
cytes,  HLA-DR  cells,  and  a  constructed  helper/suppressor  ratio  variable)  and 
three  functional  stimulation  studies  (PHA,  pokeveed,  and  mixed  lymphocyte 
culture)  vere  conducted  on  47  percent  of  the  study  population.  No  signifi¬ 
cant  differences  vere  revealed  for  five  of  these  variables.  In  the  analyses 
of  the  other  five  variables,  there  vere  significant  group-by-covariate  inter¬ 
actions,  but  no  discernible  pattern  vas  identified  to  suggest  a  detriment  in 
any  subgroup  of  either  group.  Skin  test  assessments  of  delayed  hypersen¬ 
sitivity  vere  characterized  by  inter-reader  variation  and  shifting  diagnostic 
criteria  for  energy  The  skin  test  data  vere  Judged  invalid  and  vere  not 
subjected  to  statistical  testing  for  group  differences.  No  consistent  pat¬ 
tern  of  immunological  deficits  could  be  associated  vith  increasing  levels  of 
herbicide  exposure  in  the  Ranch  Hand  group. 


Pulmonary  Disease 

The  pulmonary  assessment  did  not  reveal  any  statistically  sir  if  leant 
differences  betveen  the  Ranch  Hand  and  Comparison  groups  that  ver  >  suggestive 
of  an  herbicide-related  disease.  The  analyses  consisted  of  group  T«9essments 
of  respiratory  disease  incidence,  physical  examination  abnormalities,  and  the 
current  prevalence  of  x-ray  abnormalities.  There  vere  no  significant  differ¬ 
ences  betveen  the  Ranch  Hands  and  Comparisons  for  history  of  asthma,  bron¬ 
chitis,  pneumonia,  or  for  sir  of  seven  clinical  variables  (excluding  rales) 
determined  by  x-ray  or  auscultation.  Analvses  of  history  of  pleurisy, 
history  of  tuberculosis,  and  rales  shoved  significant  but  inconsistent  group- 
by-covariate  interactions.  Those  findings  did  net  indicate  any  pattarns 
suggesting  a  different  disease  experience  in  the  tvo  groups.  The  exposure 
index  analyses  did  not  reveal  any  consistent  pattern  suggestive  of  an 
increasing  dose  response. 


CONCLUSION 

The  results  of  the  first  follovup  study  in  1985  have  shovn  a  subtle  but 
consistent  narroving  of  medical  differences  betveen  the  Ranch  Hands  and 
Comparisons  since  the  Baseline  Study  in  1982.  The  1985  examination  results 
provide  reassuring  evidence  that  the  current  state  of  health  of  tha  Ranch 
Hand  participants  is  unrelated  to  herbicide  exposure  in  Vietnam.  Continued 
close  medical  surveillance  of  these  military  population.?  is  strongly 
indicated.  This  follovup  report  concludes  that  there  is  not  sufficient 
plausible  or  consistent  scientific  evidence  at  this  time  to  implicate  a 
causal  relationship  betveen  herbicide  exposure  and  adverse  health  in  the 
Ranch  Hand  group. 
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CHAPTER  23 


FUTURE  DIRECTIONS 


The  scope  and  complexity  of  the  AFHS  has  required  gradual  refinement  and 
correction  to  meet  the  challenges  of  changing  technology  and  scientific  di¬ 
rection,  and  to  ensure  continued  participation  of  all  enrolled  members.  This 
chapter  outlines  some  of  the  changes  incorporated  in  the  fifth-year  followup 
examination  and  identifies  several  areas  of  future  work  expected  to  signif¬ 
icantly  augment  the  study. 


FIFTH-TEAR  FOLLOWUP  EXAMINATION 

Since  the  fifth-year  follovup  examination  was  initiated  prior  to  the 
full  analysis  of  the  data  from  the  third-year  examination,  most  modifications 
were  founded  upon  quality  control  issues  and  the  desire  to  make  the  clinical 
content  of  the  examination  more  responsive  to  the  medical  needs  of  the 
participants. 

Clinical  quality  control  enhancements  were  made  to  improve  measurement 
techniques.  The  digit  preference  noted  in  systolic  and  diastolic  blood  pres¬ 
sure  readings  led  to  the  use  of  automated  blood  pressure  recording;  all  other 
parameters  of  the  blood  pressure  readings  (e.g.,  sitting  position,  three 
recordings,  nondominant  arm  at  heart  level)  were  not  changed. 

The  problem  in  skin  test  reading  was  met  by  a  rigorous  quality  control 
plan  that  included  the  following  elements:  refresher  training  for  readers;  a 
required  reading  of  the  four  skin  tests  of  all  participants  by  both  readers, 
eacn  blind  to  the  results  of  the  other;  a  required  reread  of  10  percent  of 
all  tests  by  each  of  the  readers,  each  blind  to  the  previous  reading;  and  a 
required  weekly  report  citing  numbers  and  proportions  of  participants  with 
possible  anergy,  reversal  of  induration-erythema  measurements,  and  untoward 
skin  reactions  or  other  reading  problems  (e.g.,  participant  refusal). 

In  addition,  new  skin  test  forms  vere  developed  to  facilitate  accurate 
recording  and  transcription;  specific  clinical  criteria  were  formulated  to 
require  consultation  by  an  allergist;  and  the  skin  ter*  measurement  criterion 
for  possible  anergy,  consistent  with  current  World  Health  Organization  guide¬ 
lines,  was  adopted  for  the  clinical  interpretation  of  all  skin  test  readings. 
It  is  anticipated  that  this  clinical  quality  control  program  will  standardize 
both  readings  and  interpretations,  and  will  produce  a  uniformly  superior  data 
set. 


EXPOSURE  INDEX  REFINEMENTS 

Since  the  development  of  the  Study  Protocol  and  the  analysis  of  the  1982 
Baseline  data,  there  has  been  concern  among  some  scientists  and  the  principal 
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investigators  over  the  accuracy  and  validity  of  the  exposure  estimates.  It 
is  unclear  whether  statistically  significant  differences  in  some  variables 
between  the  Ranch  Hand  and  Comparison  groups,  unsupported  by  dose-response 
estimates,  have  been  due  to  chance,  or  whether  true  differences  are  obscured 
by  an  inadequate  exposure  index  or  group  misclassification. 

In  mid-1986,  strorg  correlations  between  dioxin  levels  in  fat  tissue  and 
serum  were  demonstrated  by  the  CDC  and  other  institutions.  Because  of  these 
results,  the  Air  Force  is  currently  engaged  in  a  collaborative  study  with  CDC 
to  determine  whether  serum  dioxin  levels  vary  significantly  in  the  Ranch  Hand 
population.  Approximately  200  AFHS  volunteers  have  supplied  a  pint  of  blood 
to  be  analyzed  for  dioxin  at  the  CDC  laboratories.  If  clear  and  meaningful 
exposure  findings  are  evident  from  this  study,  several  additional  studies  are 
feasible:  testing  can  be  expanded  to  the  entire  study  population  and  a 
meaningful  exposure  index  based  on  total  current  TCDD  body  burden  may  be 
developed;  and  by  means  of  archived  AFHS  serum  samples  from  the  Baseline 
study,  it  may  be  possible  to  calculate  a  reasonably  precise  half-life  of  TCDD 
in  humans.  These  expanded  studies  will  allow  the  estimation  of  body  burdens 
of  TCDD  at  the  time  of  departure  from  SEA  (assuming  the  absence  of 
intervening  vocational  and  recreational  exposures). 

If,  in  fact,  these  potential  studies  become  reality  within  the  next 
2  years,  the  fifth-year  followup  study  data  will  be  statistically  analyzed 
using  a  more  appropriate  exposure  index.  In  anticipation  of  this  advance, 
the  AFHS  is  currently  collecting  280  to  350  ml  of  blood  from  all  volunteers 
attending  the  fifth-year  followup  study. 


ADDITIONAL  ANALYSES  AND  STUDIES 

As  in  the  1984  Baseline  Report,  not  all  of  the  measured  dependent 
variables  were  subjected  to  statistical  analysis  (e.g.,  prothrombin, 
leutinizing  hormone,  follicle  stimulating  hormone),  largely  because  they  were 
not  within  the  bounds  of  the  Air  Force-prescribed  analyses.  Exploration  of 
many  of  the  unanalyzed  variables  is  contemplated  as  time  and  resources 
permit.  Similarly,  many  analytic  opportunities  to  define  possible 
symptom-clinical  sign  clusters  or  syndromes  by  multivariate  analysis  of 
variance  techniques  were  passed  over  due  to  time  and  charter.  Particularly 
challenging  as  an  area  of  future  work  may  be  the  changing  relationships  of 
some  immunological  variables  over  time  and  the  biological  impact  of  these 
changes  on  the  induction  of  diseases  such  as  cancer.  Likewise,  future 
efforts  to  define  shifting  cardiovascular  disease  patterns  are  a  logical 
extension  of  the  rich  longitudinal  data  base  of  the  AFHS.  Such  efforts  await 
future  analysis  and  publication. 

The  assessment  of  possible  selection  and  participation  bias  has  been 
addressed  in  a  comprehensive  manner  in  this  report  (see  Chapter  5)  ,  The 
analogs  and  discussion  suggest  that  statistical  use  of  the  total  Comparison 
group  (versus  the  Original  Comparison  group)  is  justified  in  this  report,  and 
that  the  impact  of  selection  and  participation  biases  have  been  minimal.  As 
the  followup  studies  continue,  it  is  anticipated  that  a  wealth  of  data  on 
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compliance-participation  factors  vill  be  available  for  continued  comprehen¬ 
sive  bias  analyses.  In  particular,  it  is  hoped  that  more  complete  data  vill 
exist  to  examine  the  true  differences  in  current  health  status  between  re¬ 
fusals  and  their  replacements.  As  the  data  set  grows  over  time,  the  bias 
analyses  vill  become  more  complex  and  will  have  to  deal  with  changing  motiva¬ 
tions  of  the  participants  to  continue  in  this  study.  Such  bias  analyses  and 
assessments  vill  alvays  be  of  great  importance  to  this  study  as  they  ulti¬ 
mately  set  the  bounds  for  an  inference  on  herbicide  causality. 


